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CURRICULUM VITAE 95 
C H A P T E R I 
INTRODUCTION 
1.1. STRUCTURE AND SYNTHESIS OF SULFINES 





The name for these thiocarbonyl S-monoxides was proposed by Sheppard 
and Dieckmann to indicate the structural relationship with thiocarbonyl 
S,S-dioxides (XYC = SO2) which are known as sulfenes. Formally sulfines 
can be considered as derivatives of sulfur dioxide. In consequence thereof 
they are expected to be non-linear. This expectation is also in accordance 
with the ещрегісаі rule described by Walsh which states that molecules 
X-Y-z are non-linear if they contain 18 valence electrons. The non-lineari 
7 
of sulfines has been established by means of dipole moment measurements, ' 
^-NMR spectra6'10 and X-ray diffraction analyses. 1 1' 1 2' 1 3 
An implication of the non-linear structure is that unsymmetrically 
substituted sulfines can exist as geometrical isomers. Several examples of 
stable E- and Z-forms of sulfines have been reported.8'11*'15'16 
The first stable sulfine (_!_) was isolated as early as 1923 by Wedekind 
et at. from the rather peculiar reaction of camphor-10-sulfonyl chloride 
with pyridine or triethylamine. There are strong indications that a sulfene 
is involved as an intermediate in this reaction. » » 
CI 








Another type of sulfines was obtained in 1938 by Kitamura 0 by oxidation 
of thioamides with hydrogen peroxide. He assumed that these compounds were 
21 iminosulfenic acids (2a). However, later Walter proved convincingly that 
the actual structure is that of the tautomeric thioamide S-oxides (2). 
*S НгОг 
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The revived interest in the chemistry of sulfines in the beginning six­
ties led to a considerable number of publications in this field particularly 
1 2 
dealing with synthetic methods for these heterocumulenes. ' 
The first stable thioaldehyde S-oxide and thioketone S-oxide were 
prepared by 1,2-dehydrohalogenation of the appropriate sulfinyl chlorides. 




* _ > * 
R1 = R 2 = Me (ref. 4); R1 = R 2 = t-Bu (ref. 23); R1 = H, R 2 = Me, Et, 
i-Pr, t-Bu(ref. 24); R1 = Me, R 2 = CI (ref. 25); R1 = Ph, R 2 = CN (ref. 
26); R1 = EtOoC, R 2 = ? (ref. 27). 
scheme 1.4 
Generally, this method is not suited for the preparation of aryl substituted 
sulfines since the sulfinyl chlorides are not easy accessible. ' It should 
be mentioned in this context that ethylsulfine, the lachrymatory factor of 
onions, has been synthesized in this manner.3'21*'28 Attempts to prepare the 
parent sulfine (H_C=SO) from methanesulfinyl chloride and triethylamine 
failed.1*'19'29 By way of contrast dehydrohalogenation of methanesulfonyl 
chloride is the most common method for the in situ generation of the parent 
sulfene (H 2C=S0 2).
2 
The oxidation of thiocarbonyl compounds with peracids or hydrogen per­
oxide has the largest range of application for the synthesis of sulfines ' 
(scheme 1.5). A great variety of thioamides was converted into the correspond­
ing sulfines ' (see also Chapter II), as well as aromatic thiones , non-
enethiolizable aliphatic thiones 3 1 - 3 3, dithiocarboxylic esters1"*'16 ' э ц , 
1 ^ 3 5 3 6 Э 7 3 
trithiocarbonates ' ' , and thioacyl chlorides ' · Even thiophosgene 
Э 9 
can be oxidized to give dichlorosulfine. Sterically hindered thiones can 
R 2 4 




B 2 \ -S/ c=s 
scheme 1.5 
be transformed into the corresponding sulfines by treatment with one 
equivalent of ozone. 
Another approach for the synthesis of sulfines is the replacement of one 
oxygen atom in sulfur dioxide by an alkylidene group. In this manner (di-
arylmethylene)triphenylphosphorane reacts with an excess of sulfur dioxide 
to give sulfines in moderate to good yield1*1 (scheme 1.6) . 





•* R' •РРЬз 
,5 — 0 
V" + PhaPO 
(Z.E) 
tfz R2 = Ph (20°, 50o/.),p-MeC6Hi (20°. 58'/.) 
R1=Ph,R2=SPh(20ol53
e/.)· R1-R2= FÌ> (60°, 7 atm., вО .) 
scheme 1.6 
The scope of this Wittig alkylidenation of sulfur dioxide is rather limited. 
A variant of the Peterson olefination reaction, viz. the alkylidenation 
of sulfur dioxide using a-silyl carbanions, is an excellent and fairly 
general method for the synthesis of sulfines1*2-1'5 (scheme 1.7). An attractive 
feature of this modified Peterson reaction is that the required silyl 
compounds can readily be obtained by silylation of a variety of active 
methylene compounds. 
1 \ 1) base 
.CH2 *• 
R / 21 МезЗіСІ 
R, H 1) base 
R/ Ч м е , » S02 
1 s 




\ = / ' + MejSiO9 
scheme 1.7 
Other synthetic routes to sulfines, which are of minor importance are 
1 2 
summarized in recent reviews. ' 
In the following sections of this chapter some reactions of sulfines will 
be described which are relevant for the research presented in this thesis. 
An extensive treatise of the chemistry of sulfines has appeared in two recent 
. 1.2 
1.2. REACTIONS OF SULFINES WITH NUCLEOPHILIC AND ELECTROPHILIC REAGENTS 
Two different reaction pathways of sulfines with nucleophilic reagents 
have been encountered, υίζ. a thiophilic or a carbophilic reaction as shown 
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X= Ar, SAr, SAlk, SCOJAr, 502Ar, R= Me, η-Bu, Ph 
scheme 1.8 
Nucleophilic attack at sulfur is observed quite frequently whereas attack 
at carbon is restricted to sulfines bearing a leaving group L at the sulfine 
carbon atom. 
The reaction of diarylsulfines with alkyl- or phenyllithium leads to the 
corresponding sulfoxides as is shown in scheme l.S.1*5 In a similar fashion 
sulfines derived from dithioesters [ArC(=SO)SR] react with alkyllithiums 
to produce dithioacetal S-monoxides1*6 (scheme 1.9). A practical application 
0 0 OH 






 ®S-Me ^ 
""SR гіНгО/н®' н' ^SR * н' £SR * 
А \ © Ar OT-S-Me 
C = S R + MeSOH • ^ ч ^ * *• A r C H = 0 * MeSSR 
H H S - R 
R= n-Bu,n-C7H1 5, Ph, AcO(CH2)io , Ar= Ph, р - М е С ^ 
scheme 1.9 
4 
of sulfines as acyl anion equivalent is based on this formation of dithio-
acetal monoxides.^6 This 5-alkylation of sulfines of the type ArC(=SO)SR 
has also been used to prepare unsymmetrical disulfides (scheme 1.9). 
Sterically filled sulfines, i.e. di-tert-butylsulfine show a deviating 
behaviour towards alkyllithiums or Grignard reagents, namely that epi-
sulfides (thiiranes) are produced in good yields.^8 The course of reaction 
of sulfines with functionalized carbanions as the nucleophiles is rather 
complex. 
Carbophilic reactions with sulfines are particularly observed in the 
case of chlorosulfines. Substitution of the halogen atom can be accomplished 
with several nucleophiles37'50 (scheme 1.10). The geometry of the starting 
chlorosulfines is predominantly retained in the products. 




2· Ph—¿I — NHPh 
•* Ph—C —SPh 
s*0 
• Ph-C —5CN 
KN, 
¿Г 
-» Ph -¿-N, 
scheme 1.10 
Also the phenylthio group in the sulfines p-TolC(=SO)SPh can serve as 
leaving group as is shown in the reaction with a-lithio ketones 1 (scheme 
1.11). This is nicely exemplified by the reaction of 2-lithiocyclohexanone 
Cr· P h S ' ^ T o l PhSLi 0 S " •¿h-









which gives an α,β-unsaturated sulfoxide after quenching with methyl 
iodide51 (scheme 1.11). 
Sulflnes which possess an α-hydrogen atom can undergo S-alkylation 
through the corresponding anion. 5 2' 5 3 For example, reaction of thiocamphor 
S-oxide with thallium(I)ethoxide and subsequent treatment with various 
electrophiles gives a,3-unsaturated sulfoxides (scheme 1.12). The use of 
Tl(I)OEt as the base is essential, as with other types of bases complex 
mixtures of products are obtained. 
,0 
g 1) TiOEt 
2)RX 
scheme 1.12 




^ S DTlOEt .5Me 
PhSOjCHjCf * Ph502CH=C^ 
^
 NSMe 2) Mel 4SMe 
scheme 1.13 
Acid hydrolysis of sulflnes to the corresponding carbonyl compounds can 
be explained by first protonation at sulflnes oxygen atom followed by attack 





 o-H н2о SCS-OH \ 
s
* =* > ί — >^он - * >
0 +
 ^ 
HjO. S. H2S, S02, HJSOÍ 
scheme 1.14 
A reductive hydrolysis of the sulfine function into a methylene group 
was observed for sulflnes substituted with electron-withdrawing groups 
during the reaction with nucleophlles in the presence of water as proton 
donor55 (scheme 1.15). 
A 
S Η,Ο ι Η Η 
E W G ' ^ ^ R or other E W G ^ ^ R .
 s 0 E W G ^ ' ^ R 
nudeophiles * 
scheme 1.15 
Diphenylsulf ine can be ö -a lky la ted with t r ie thyloxonium t e t r a f l u o r o -
bora te (scheme 1.16). This very hygroscopic s a l t g ives benzophenone upon 
treatment with water . 2 ,4 ,6-Tr imethylphenyl(methyl th io)sul f ine g ives an 
analogous r e a c t i o n . 
Et30®BF/e β
 θ 
Ph2C=S0 — — Ph2C=S-0Et ВРд 
scheme 1.16 
The reaction of simple aliphatic sulfines with alkanesulfinyl chlorides 
proceeds via an O-alkylation. The init: 
the isolated thiosulfonate (scheme 1.17), 
ially formed adduct rearranges to 
R _ C H : : S
/







R—ÇH — S — 0 — S — R *- R — Ç H — S —SO2R 
scheme 1.17 
1.3. CYCLOADDITION REACTIONS OF SULFINES 
The heterocumulenic system of sulfines can undergo a variety of cyclo-
addition reactions, e.g. with 1,3-dienes and 1,3-dipoles.1'59 A great 
number of different substituted sulfines react with 1,3-butadienes to give 
dihydropyran S-oxides.60 As illustrated in scheme 1.18 the stereochemical 




phgc, * χ -* pt^x * Ph5j(; 
CI CI 
E £(67·/.) Z(12·/.) 
Il V 
PhCCl • Τ —*• Ε(1β·/.) + Z(70·/.) 
scheme 1.18 
The dienophilicity of sulfines is strongly dependent on the nature of the 
substituents. Electron withdrawing substituants like Cl enhance the 
reactivity in cycloaddition reactions. Thus, dichlorosulfine is a very 
3 9 
reactive dienophile and gives cycloadducts with cyclopentadiene and 
anthracene . By way of contrast so far no cycloaddition reactions of 
aminosulfines (thioamide 5-oxides) have been observed. 
Various types of 1,3-dipoles react with sulfines. In particular, the 
[2+3]-cycloaddition reaction of sulfines with 2-diazopropanes has been 
investigated in detail.1'61 The reaction of aromatic and aliphatic sulfine 
with e.g. 2-diazopropane, gives in a regio- and stereospecific manner 
A3-l,3,4-thiadiazoline S-oxides61 (scheme 1.19). 
04\ 
S n N = : N „ 
11 + м
е 2с=м2 •
 M 4 / W R 2 
A 
0 
R^ R2= Ph, p-MeCsH^CI, SPh 
R1-R2= Fl> 
scheme 1.19 
Sulfines give also [2+з]-cycloadducts with benzonitrile oxide63, di-
phenylnitril imine and mesoionic compounds such as Münchnone and 
Hitherto only one example is found in which the sulfine function acts 
as a l,3-dipole.6S Cycloaddition of diarylsulfines and azirines in the 
presence of EtjO BF. as the catalyst gives cyclic sulfenates which re-
arrange upon heating to the corresponding sulfoxides (scheme 1.20). 
θ 
R В 
scheme 1.20 Fl F' 
Fy^ = fluorene 
1.4. AIMS AND SURVEY OF THE RESEABCH H 
One of the objectives of the research described in this thesis is to 
broaden the knowledge about the chemical behaviour of aminosulfines. 
Although the synthesis of aminosulfines has been extensively studied 
(see Chapter II, section 2.2.) little is known about the reactions of 
these substrates. In Chapter II reactions of differently substituted 
aminosulfines with various electrophilic reagents are described. 
The second objective of this work is to extend the synthetic routes 
for the preparation of sulfines. To this end the synthesis of functionalized 
sulfines, in particular α-οχο sulfines (S-oxides of 1,2-monothiodiones), 
was undertaken. Thusfar this type of sulfines received only scarce attention 
in the literature.2 ' 6 6 In the Chapter III a general synthesis of α-οχο 
sulfines from α-methylene ketones and thionyl chloride will be presented. 
An attractive and versatile approach proceeds via silyl enol ethers. 
The chemical reactions of α-οχο sulfines will also be discussed. 
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C H A P T E R I I 
REACTION OF THIOAMIDE S-OXIDES (AMINO SULFINES) WITH ELECTROPHILIC REAGEOTS 
2.1. ABSTRACT 
Treatment of aminosulf Ines (thioamide 5-oxides) 2_ with triethyloxonium 
tetrafluoroborate followed by sodium carbonate leads to a-lminosulfenates 5^ . 
Reaction of 5_ with primary and secondary amines gives a-iminosulfenamides 8_. 
Treatment of aminosulfines first with sodium hydride and then with an alkyl 
halide gives o-iminosulfoxides 9_, which are extremely sensitive towards 
hydrolysis. With ketenes the imine bond in 9_ undergoes cycloaddition to 
give ß-lactams 11_ in low yields. Reaction of primary thioamide S-oxides 
with either triethyloxonium tetrafluoroborate or thionyl chloride, followed 
by base, leads to 1,4,2,5-dithiadiazines ^_2, a new heterocyclic system. 
Treatment of aminosulfines with thionyl chloride leads to a-iminosulfenyl 
chlorides 19^, which are unstable and were entrapped by reaction with di-
ethylamine and cyclohexene, respectively. 
2.2. INTRODUCTION 
As shown in chapter I, section 1.1., sulfines are accessible by a 
variety of methods.1»2 In particular the S-oxidation of thiocarbonyl 
containing substrates is a well recognized method of preparing thione 
S-oxides, e.g. of aromatic thiones3, non-enethiolizeable aliphatic thiones3-6, 
dithiocarboxylic esters7-9, trithiocarbonates1'10f11, and thioacyl 
chlorides12'13. 
The S-oxides of thioamides constitute a special class of sulfines. 
In contrast to other sulfines only the Z-form of aminosulfines is found 
in solution » as well as in the solid state15 most probably due to 
hydrogen bonding (figure 1). 
и ,
H 
- C - N 4 
(Z) 
figure 1 
Their preparation usually proceeds through the oxidation with hydrogen 
peroxide whereas peroxy carboxylic acids are used for the thiocarbonyl 
compounds mentioned above. Although a wide selection of primary 2 0' 2 1, 
13 
secondary2^1-23, and tertiary 2 1' 2 3~ 2 6 thioamide S-oxides* has been prepared 
by Walter and coworkers only little is known about the chemical behaviour 
of this type of sulfines. 
The aim of the present investigation is to establish which nucleophilic 
site in aminosulfines, N, S or О will preferentially react with electrophilic 
reagents and to compare the results with the electrophilic alkylation of 
other sulfines [vide infra). 
Walter et al.23 reported that N-methylation of N-phenyl thiobenzanilide 
S-oxide can be achieved with diazomethane (scheme 2.1). 
ïî0 CH2N2 _ η 0 / H a 




In an exceptional case O-methylation is observed (scheme 2.2) probably 
due to the aromatic character of the product. 
SO 
Cot: CH2N2 С(СНз)э 
scheme 2.2 
Diphenylsulfine and also 2,4,6-trimethylphenyl(methylthio)sulfine 
undergo O-alkylation with Meerwein's reagent as mentioned in chapter I, 
section 1.2., scheme 1.15. Sulfines, which possess an a-hydrogen atom can 
be 5-alkylated through the corresponding anion to give ο,β-unsaturated 
sulfoxides ' (see chapter I, section 1.2., schemes 1.12 and 1.13). 
2.3. RESULTS AND DISCUSSION 
2.3.1. Preparation of the starting aminosulfines 
All aminosulfines 2^ were obtained by oxidation of the corresponding 
thloamides J_ with hydrogen peroxide (scheme 2.3, table I). Walter and Bauer 
recommended acetic acid as the solvent for the oxidation of tertiary thlo­
amides . Acetic acid is also the solvent of choice for the preparation of 
*This nomenclature is widely used in the present literature for N-substitut-
ed amides derived from carbon acids. Although these generic names are not 
recommended by the IUPAC rules (C-821 and C-824) they were adopted in 
order to avoid confusion with the literature. 
14 
M , »202 or R-CO3H ^ 0 
— с — N ( — — С—\ 
scheme 2.3 
the secondary aminosulf ines J_h-q. A complex reaction mixture resulted on 
attempts to oxidize thioamide lp with 3-chloroperbenzoic acid in chloroform. 
With hydrogen peroxide in glacial acetic acid as solvent, however, 2p and 
the even more hindered aminosulfines 2j and к could be obtained in good 
yield (see table I). 
Thioamides jj and к could not be prepared by reaction of the corresponding 
amides with P.S.- and pyridine . Therefore they were synthesized in an 
alternative manner, viz. from mesityl magnesium bromide and isothiocyanates 
(scheme 2.4). 
/ « R-O-NCS / s 
scheme 2.4 
Ij R = H 
3k. R-C\ 
An unexpected hydrolysis of a methoxy group was observed on an attempt to 
prepare 2-methoxythiobenzanilide from the corresponding amide (P.S.0/pyridine). 
After the usual work-up procedure (HCl/HjO) salt _3 was isolated in 70% yield 
(scheme 2.5). 
0 f) s 
scheme 2.5 
^ ^ О С Н э 2) HCl ^ ^ Н 3@ 
3 
A similar product was obtained previously by Walter from salicylamide, 
P.S and pyridine (scheme 2.6). 
О 





Table I: Thioamide S-oxides by oxidation of thioamides with hydrogen 
peroxide. 
thioamide 1 sulfine 2 
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prepared according to the literature. 
not isolated, cyclizes to give 4 (see scheme 2.7). 
16 
When N-(2-arainophenyl)thiobenzamide ly was oxidized in ethanol suifine 
2v could not be isolated but instead the cyclic sulfenamide 4^  was obtained 










- Н2О ^ ^ N - - 5 
н 
scheme 2.7 
The oxidation of the thioamide function leads as usual to the aminosulfine. 
An intramolecular attack of the ortho-amino function at the sulfine sulfur 
atom gives an intermediate product (see scheme 2.7) which eliminates water 
in a Puramerer-type fashion. Alternatively, the tautomeric form of the amino­
sulfine, i.e. the imino sulfenic acid structure, is attacked by the amino 
group to give the same isolated product 4^ . 
2.3.2. Synthesis of ethyl a-imino sulfenates 
Aminosulfines 2 were treated with triethyloxonium tetrafluoroborate 
in order to establish the preferential site of alkylation. In all cases 
investigated, the aminosulfines reacted smoothly at room temperature with 
Meerwein's reagent in a minimum amount of dichloromethane as the solvent 














Table II: S-Ethoxy thioimidium tetrafluoroborates j> and ethyl a-imino 
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^Treated with base without isolation. 
Upon treatment with base 1,4,2,5-dithiadiazines were formed (see this 
chapter, section 2.3.4.). 
Deprotonation is not feasible. 
The strong infrared absorptions between 1600 and 1640 cm (C=N) and 
1050 and 1070 cm" {S-OEt)35 strongly suggest that alkylation has taken place 
at the sulfine oxygen atom. The iminium salts 5^ are non-hygroscopic compounds 
and can be stored at -20oC for several months without noticeable decomposit­
ion. 
In most cases the iminium salts 5 derived from secondary thioamide 
S-oxides (R = H) were not isolated but further treated with base to give 















Deprotonation of 5_ is easily achieved by aqueous sodium carbonate at room 
temperature. No hydrolysis of the sulfenates was observed under these 
conditions . The ethyl a-iminosulfenates 6 were obtained as yellow oils 
or as crystals. They can be stored at -20°C for several weeks. Some of them 
even can be distilled without noticeable decomposition. The alkylation 
product (ja derived from thiobenzamide S-oxide showed a deviating behaviour. 
The product is rather unstable, upon treatment with base or on standing 
dimerization occurs to give 3,6-di-phenyl-l,4,2,5-dithiadiazine (see this 
chapter, section 2.3.4.) . The IR-absorptions of the ethyl sulfenates 6^  
-1 35 
between 1010 and 1020 cm are in agreement with the S-OEt-moiety . The 
H-NMR spectra of (> show F/Z-isomerization about the C=N-double bond. Such 
an isomerization has been observed for a variety of imines ~ ц , including 
N-substituted thioimidates . By monitoring the signals of the ethyl 
protons of 6h, 6n and 6r at variable temperatures coalescence was observed 
at 45°, 40° and 620C, respectively (for H-NMR spectrum of 6r see figure 2). 
figure 2: variable temperature ^-NMR spectrum of 6r 
From these measurements the free enthalpies of activation AG at the 
coalescence temperature were estimated using the Eyring-equation AG : 
15 (6h), 15 (6n) and 16 (6r) Kcal/mole, respectively. These values are in 
the expected range for such an imine isomerization 
The structure of 6n was unambiguously established by an X-ray diffraction 
analysis* (figure S) 1* 1. As in comparable cases 3 9'" 0, one isomer (here: Z) is 
preferred in the solid state. In solution, however, E/Z isomers of 6n are 
are observed by means of H-NMR (ratio E:Z = 2:1). The assignment of 
geometry is tentatively based on the following considerations regarding the 
^-NMR spectrum of 6n (Dg-toluene, -400C) : The ethyl protons in the Z
s
_-
configuration (see figure 4) appear at 0.72 ppm and 3.17 ppm, respectively. 
The position of the methyl group can be explained by a deshielding effect 
of the aromatic system (see figure). Model observations reveal that the 
Ζ -conformation will have a relative low abundance due to steric hindrance 
ap 
*We thank the Department of Crystallography of our University for performing 
the X-ray diffraction analysis. 
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..(УЗсРі 
f igure 3: A view of the molecular s t r u c t u r e of 6n. Hydrogen atoms are 
omitted for c l a r i t y . 
H 3 c - m i 0 4 
fep Zap 
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CI 
\ н 2 С Н з 
CI 
=ap 
f igure 4 
(see a l so re f . 39) . No deshielding e f fect i s observed for the methyl group 
of the E-isomer (1.43 ppm). E thus i s the most p r e f e r e d conformation. 
The methylene protons of t h i s isomer absorb a t 4.30 ppm. 
Upon t reatment with tri-W-butylphosphine 6h could be desul fur ized t o 
give e thyl Λί-phenylbenzimidate 7. (scheme 2.10) . This removal of su l fur i s 
in f u l l accordance with the behaviour shown for o t h e r types of su l fen ic 
e s t e r s , e.g. t-C.H -S-OCH, gives upon r e a c t i o n with t r i - n - b u t y l p h o s p h i n e 
/SOC2H 5 .(п-СдНэ^Р 
С
б
Н 5 - Ч
м
_
С б Н 5 .(п-С4Н9)зР5 СбНб-Ч 
/ОС2Н5 
N - C 6 H 5 
6h 
scheme 2.10 
also t-butyl methyl ether . The chemical behaviour of 6^  in reaction with 
primary or secondary amines is comparable with that of ethyl sulfenates 
21 
(scheme 2.11). The amines being stronger nucleophiles than ethanol replace 
the ethoxy group to yield o-iminosulfenamides £ (table III). These sul-
fenamides were obtained as yellow oils or as crystals. They are even more 
stable than the corresponding sulfenates 6_. This transformation into sul-
fenamides clearly substantiates the assigned α-iminosulfenate structure 
of the alkylation products obtained under the conditions shown in scheme 2.Θ. 
,
5
 • H - N R 4 R 5 / 
p1_r » R' —С 
VR2 -C2H5OH V R 2 
scheme 2.11 
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All evidence, spectral as well as chemical, is consistent with 0-alkylat-
ion of aminosulfines using triethyloxonium tetrafluoroborate. Direct 
alkylation of aminosulfines with other electrophilic reagents, such as 
methyl iodide, benzyl bromide etc., could not be accomplished. The starting 
materials were recovered unchanged. 
2.3.3. Synthesis of a-iminosulfoxide s from aminosulfines 
In view of the observation that aminosulfines cannot be alkylated with 
common alkyl halides, such as methyl iodide or benzyl bromide, we decided 
to enhance the nucleophilicity of the substrates 2_ by converting them into 
the corresponding anions. Indeed, aminosulfines 2_ (R = H) can be easily 
deprotonated with sodium hydride in tetrahydrofuran. Subsequent treatment 
with an alkyl halide then leads exclusively to S-alkylation to give the 
a-iminosulfoxides 9 (scheme 2.12, table IV). 
22 
scheme 2.12 
R 1 -C 
1) ΝαΗ 
N N H R 2 2) R 6 - X 
R-С.
ч 
* - R 6 
/ 
4 N - R 2 
Table IV: a-Iminosulfoxides by a l k y l a t i o n of aminosuIfines 


















































ca. 70%, these products are extremely sensitive to moisture and contain 
always some of the corresponding amides as contaminant. 
All a-iminosulfoxides £ show strong infrared absorptions for the 
sulfoxide group between 1040-1070 cm and for the imine bond between 
1570-1660 cm . No evidence was found for E/Z-isomerization using H-NMR 
at routine operating temperatures (35-40eC). Most sulfoxides obtained, 
especially the unhindered ones, are extremely sensitive to hydrolysis and 
could only be characterized by spectroscopic means. When an unhindered or 
not electronically stabilized sulfoxide 9^  was subjected to usual work-up 
procedures (extraction with water, column chromatography, etc.) the corres­
ponding amides were isolated. This can readily be explained by assuming 
an addition of water at the imine function followed by elimination of the 
sulfoxide moiety. This is congruent with the fact, that the isolation of 
related compounds, viz. α-οχο sulfones, is met with great difficulties 
Another approach to this type of sulfoxides, vis. the oxidation of 
thioimidates, has been reported by Walter et al. (scheme 2.13). Probably 
due to the presence of peracid and carboxylic acid which can react as 
23 
nucleophiles no α-iminosulfoxides were isolated, but the corresponding 
amides. 
'-^ ^W, 
R1 s H, NO2, оснэ 
R2 = H, NO2, ОСНэ 
R 3 = C H 3 . C 6 H 5 , 4 - N 0 2 C 6 H 4 
scheme 2 Л 3 
The stability of the products £ can be enhanced by introducing sterically 
hindered substituents in order to decrease the approachability of the 
imine carbon atom for nucleophilic attack. In this manner 9b and 9c (R = 
mesityl) allow isolation under carefully controlled conditions. Another 
possibility to stabilize j3 is the use of an electron donating substituent R . 
The phenylthio group can serve as such. Accordingly, 9g was isolated 
without any problem and was found to be stable for months. 
Although the actual isolation of unhindered o-iminosulfoxides 9_ is 
encountered with great difficulties they can be kept in solution under 
anhydrous conditions. This allows to perform some reactions with these new 
species. Reaction of a-iminosulfoxide 9a with ethanethiol gave ethyl 
.'/-phenylthiobenzimidate in 50% yield (scheme 2.14). An analogous reaction 
of 9d with sodium thiophenolate produced 10b in only 10% yield. It can be 
assumed that the reaction proceeds via an initial addition at the imine bond 
followed by an elimination of the sulfoxide moiety. 
o4 
/S—CH3 R2—SH /S—R2 
R1-C R1-C 
N-C6H5 N-C6H5 
9 10a · R^CeHg, R2=C2H5 
10b Ri = mesityl ; RZsCeHs 
scheme 2.14 
In order to retain all substituents of £ in the product molecule [2+2}-
cycloaddition reactions were investigated. The cycloaddition of methyl 
/f-phenylthiobenzimidate and dimethylketene is known to produce the 
24 
corresponding fS-lactam in 60% yield (scheme 2.15). However, an attempt 
to perform the same type of reaction with 9a had no result. 
СбНБ-С 




N — С 6 Н 5 
-СНз 
scheme 2.15 
СбН 5/ " \ 
Cycloaddition of the less hindered ot-iminosulfoxide 9^e with dimethylketene 
gave the desired 6-lactam 11a albeit in low yield (7%) (scheme 2.16). React­
ion of the same sulfoxide 9e with the electronrich phenoxyketene produces 
ß-lactam lib in somewhat better yield (21%). In the case of 9f the yield of 














C 6H 5/ 
Ца: «^СНз; R 2 = R3=CH3 
lib. R1=CH3. R2 = H, R3 = 0C 6H 5 




 R3 = OC6H5 
scheme 2.16 
The spectral and chemical evidence presented above is in accordance with 
the formation of ct- i mi nosul f oxides 9^  from the reaction of the anions of 
aminosulfines with alkyl halides. This S-alkylation is also consistent with 
the electrophilic alkylation of the anions of other sulfines. For instance, 
the anion of thiocamphor S-oxides, which essentially behaves as vinyl-
sulfenate, undergoes S-alkylation to give ci,ß-unsaturated sulfoxides30'31 
(see chapter I, section 1.2., schemes 1.12 and 1.13). 
2.3.4. Conoluding remarks oonaeming sections 2.3.2. and 2.3.3. 
The results described in the preceding sections (2.3.2. and 2.3.3.) 
lead to the conclusion that aminosulfines 2^  were exclusively 0-alkylated 
upon treatment with triethyloxonium tetrafluoroborate to give the iminium 
salts 5_ (scheme 2.17). Subsequent deprotonation then gives the novel 
a-iminosulfenates 6. Alternatively, the anions of aminosulfines undergo 
specific S-alkylation with alkyl halides to give a-iminosulfoxides 9. 
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- θ 
.S—OEt R3 = H с — OEt 
- - ^ R'-C э N o 2 C 0 3 / H 2 0 . R i - / 
E t a O - B F ^ ^ ^ R Я\ · BfA V
 n 2 
^ N-^RZ N - R 2 
R3 
scheme 2.17 
The a-iminosulfoxides 9^  are isomeric with the α-iminosulfenates б^ . No inter­
conversion of these isomeric compounds had been observed. In the case of 
6j and 9c, which have the same substituents, the infrared and the H-NMR 
spectra are distinctly different (see experimental) and therefore, substant­
ially supporting the correctness of the structural assignment of the 
respective isomers. 
The chemical behaviour of the two alkylation products is also different: 
the a-iminosulf enates jj are hydrolytically stable. Nucleophiles, e.g. amines, 
react at the sulfur atom to produce a-iminosulfenamides £. In contrast, the 
a-iminosulfoxides 9 are extremely sensitive to hydrolysis and nucleophiles 
react at the imine carbon atom. 
2.3.5. Synthesis of l,4,2,S-dithiaatazines, a new heterocyclic system, 
from aminosulfines 
As briefly mentioned in section 2.3.2. the alkylation product from 
thiobenzamide S-oxide 2a. and triethyloxonium tetrafluoroborate showed a 
deviating behaviour as compared with secondary thioamide S-oxides. The 
product 6a obtained from salt ^ a upon treatment with aqueous sodium 
carbonate was not as stable as the other a-iminosulfenates 6^  described in 
section 2.3.2. On standing, even at -20eC, dimerization of 6a takes place 
to give the 1,4,2,5-dithiadiazine 12a. When treatment of the iminium salt 
was performed with pyridine direct formation of the heterocycle 12a was 
observed (scheme 2.18). 
The substituted thiobenzamide S-oxides .^b-d and f were converted in 
a similar fashion into the corresponding iminium salt j^. Treatment with 
pyridine then leads to the respective heterocycles 12b-d and f (table V ) . 
In the case of the 4-chloro compound ^e no 12e was obtained, but the 
1,2,4-thiadiazol 13e. This type of heterocycle was also obtained from 2c 
as the second product. 
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•Procedure А: (г) E t , 0 BF. , (гг) p y r i d i n e 
Procedure В: (г) SOCI, , (¿г) pyr id ine 
When the p - a c e t y l s u b s t i t u t e d aminosulfine 2g was t r e a t e d in t h i s manner an 
e n t i r e l y d i f f e r e n t r e a c t i o n takes p l a c e , viz. e x t r u s i o n of su l fur and 
formation of 4 - a c e t y l b e n z o n i t r i l (scheme 2 .19) . 
л50 procedure A or В 
4-СНэС0С6Н4—С^ — 4-СНзС0С6Н4—CN 




To ascertain the structure of the new heterocyclic system an X-ray 
diffraction analysis* of 12f was performed1*6 (figures 5 and 6 ) . 
Plf, 
ran 
figure 5: a view of the molecular structure of 12f. 
figure 6: side view of 12f. 
An alternative method of preparing J_2 from 2^ is first reaction with one 
equivalent of thionyl chloride at -78"C and subsequent treatment with 
pyridine (scheme 2.20, table V ) . 
SOCI2 / s — C I pyridine / •S—CI 
NH, 




In order to explain the formation of the six-membered heterocycle it 
seems reasonable to propose the α-iminosulfenic acid ester and the 
a-uninosulfenyl chloride JJ5, respectively, as primary intermediates (see 
also the following section) . The heterocycles 12^ and jjl c a n be formed as 
follows (scheme 2.21). Intermolecular nucleophilic attack of the imine 
nitrogen with concomitant elimination of the S-X group leads to intermediate 
16 which then expels the X-group to give thiadiazol 13. Alternatively, the 
S-X bond can be attacked by the imine nitrogen atom yielding intermediate 17. 
Reaction of the NH group with the S-X function leads to the six-membered 
heterocycle 12^, whereas displacement of the S-X group by the imine nitrogen 
gives 13. 
*We are grateful to the Department of Crystallography of our University 
for performing the X-ray diffraction analysis. 
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/ S — Χ 
NH 
б X = OEt ' " " R — С
ч
 ΐ — R 
15 Χ « CI 4NH S' 
17 Χ 
/S-\ 12 
Apparently, an electron withdrawing substituent, such as 4-chlorophenyl, 
enhances the electrophilicity of the imine carbon atom to such an extend 
that either intermediate ib is formed preferentially or intermediate 17 
produces the five-membered ring exclusively. 
It is of interest to note that the reaction of thiobenzamide S-oxide 
with electrophiles, such as trifluoroacetic anhydride, BF,-etherate or 
•f 7 
anhydrous calcium chloride, only gives 2,5-diphenyl-l,2,4-thiadiazol 
(scheme 2.22). 
c.O 
^-'VNH, ^ Г ' " 5 
scheme 2.22 
2.3.6. Synthesis of a—iminosulfenyl chlorides from aminosulfines 
In the preceding section ct-immosulfenyl chlorides were suggested as 
intermediates in the preparation of 1,4,2,5-dithiadiazines. These sulfenyl 
chlorides are unstable and dimenze to give the new heterocyclic system. 
We reasoned that ^-substitution of the aminosulfine would make dimerization 
impossible and therefore enhance the chance of producing an a-iminosulfenyl 
chloride of sufficient stability to allow its isolation. Accordingly, the 
reaction of secondary thioamide S-oxides with thionyl chloride were 
scrutinized. 
The reaction of thiobenzamlide 5-oxide 2h with one equivalent of thionyl 
chloride at room temperature gave a sulfur-free product, viz. Λί-phenyl-
benzimidoyl chloride 20 m good yield (scheme 2.23). It should be noted that 
no iminium salt was obtained despite the fact that no base was added at all. 
The formation of ^ 0 is tentatively explained by assuming that the initial 
reaction of 2h leads to iminium salt Ів^ which then loses hydrogen chloride 











C 6 H 5 - C \ -co, " ^ b - \
 m
 Cle - C6H5-C 












sulfur to give the isolated compound 20. 
An alternative route to produce a-iminosulfenyl chloride 19^ is based on 
the consideration that sulfenyl chlorides can be obtained by reaction of 
sulfenic acid derivatives with hydrogen halide1*7. In this manner benzene-
sulfenyl chloride was first synthesized from benzenesulfenyl diethylamine 
by cleavage with hydrogen chloride1*8 (scheme 2.24) . 
•HCl 
CcHc—S—NEt, — C 6 H 5 — S — C I 
-HNEt2 HCl 
scheme 2.24 
The scission of the S-N bond in the sulfenamide 8d with hydrogen 
chloride, however, gave the same product as the reaction of 2h with thionyl 
chloride (scheme 2.25) and not the anticipated product Jj3. This result 
suggests that ot-iminosulfenyl chloride ^ 9 is unstable, loses sulfur easily 
and therefore can not be isolated. 
/S—NEt, _ , . , / S - C I /CI 
с 6 н 5 _ <
 > H C I ( 9 )
 . с 6 н 5 -< . с6н5-с; 
N N - C 6 H 5 -HNEt2HCl N-C 6H5 - \ Sg N - C 6 H 5 
ed 19 20 
scheme 2.25 
In view of the apparent instability of 19 trapping reactions were 
investigated. Thiobenzanilide S-oxide 2h reacts with thionyl chloride even 
at low temperatures (-100oC). Subsequent treatment with diethylamine and 
triethylamine (still at low temperatures) leads to the isolation of the 
sulfenamide 8d in 59% yield (scheme 2.26). This result can be explained 
as follows. Reaction of 2h with thionyl chloride indeed leads to a-imino-
sulfenyl chloride 19^ as stated before. Loss of sulfur does not occur at 
very low temperature and thus allowing a normal reaction of the sulfenyl 
30 
S = 0 SOCl2,-100° s-CI HNEt2,NEt3 ^ /З-ЫЕІг 
CeHs-C " " C6H5-C^ — C6H5-C 
4 N H
-
C 6 H 5 Л - С б Н в Л - С 6 Н 5 
2h 19 8d 
scheme 2 .26 
chloride with diethylamme (trlethylamine serves as HCl scavenger) . These 
experiments also show that the sulfenyl chloride 19_ (or its salt) is very 
unstable, because performing the reaction at somewhat higher temperature 
(-780C) causes a considerable lowering of the yield (24%). 
Additional evidence for the intermediacy of the sulfenyl chloride ^ 9 was 
obtained from trapping experiments with cyclohexene. It is well-documented 
that sulfenyl chlorides in general are capable of adding to olefins via an 
episulfonium chloride as the intermediate 7. 
The reaction of the product obtained by treatment of 2h with thionyl 
chloride at -78"С with cyclohexene in dichloromethane produced the expected 
chlorosulf ides 22^ as a mixture of b'/7-isomers (ratio 3:1) in 13% yield along 
with disulfide 23 (scheme 2.27). It is reasonable to assume that the 
0
 " " Y b — ' " Ί Π Ο «•^—'ft-vS-?—-'TV,.
 CsHV~sYc$H5 
с6н5/" c i ^
v
 с 6 н 5 ^ '^C6H5 
21 22a, Ь 23 
scheme 2.27 
Z-isomer is the minor product. The yield of 22^ is somewhat higher when the 
reaction is performed at -20oC (26%). With DMF as the solvent (-20oC) a 29% 
yield of only the ff-isomer 22a was obtained. This observation supports the 
fact that sulfenium ion 21^ is the intermediate. In a polar solvent, like 
DMF, 2J_ is sufficiently stabilized that attack of the chloride can proceed 
from the less hindered side, whereas in a less polar solvent, like dichloro­
methane, a certain amount of cis-addition is taking place. 
The products of the reaction of thiobenzanilide S-oxide 2h with thionyl 
chloride are the iminium salt ^ 8 or the a-iminosulfenyl chloride 19. These 
compounds are unstable and can be trapped by either reaction with diethyl-
amine or by addition to the double bond of cyclohexene. 
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2.4. EXPERIMENTAL SECTION 
Melting points were determined on a Reichert melting point microscope 
and are uncorrected. H-NMR spectra were recorded at 90 MHz using a Varian 
EM 390 instrument with TMS as internal standard. The variable temperature 
study was performed on a Bruker WH 90 spectrometer, equipped with a variable 
temperature probe. IR spectra were taken on a Perkin Elmer 29Θ grating 
spectrometer. The combustion analyses were performed in the Microanalytical 
Department of our laboratory by Mr. J. Diersmann. Mass spectra were recorded 
on a Finnigan 3100 GC/ΜΞ spectrometer or a VG 7070E. Dichloromethane was 
dried with Р^ О,. and distilled from K_C0,. The THF was distilled from LiAlH.. 
Primary and secondary thioamides were prepared following the procedures 
given in the literature. Primary ' and secondary thioamide S-oxides 
were prepared as described by Walter et al. 
Thiobenzamides and thiobenzamide S-oxides (not described previously). 
S-Methyl-thiobenzamLde S-oxtde 2c 
The procedure given in the literature16 was followed. Yield 69%; m.p. 
136-138° (dioxane) ; IR (KBr) : 3250 (NH) , 960 (SO) cm - 1; ^ -NMR (CDC13) : 
δ 2.32 (s, 3H, CH,), 7.25 (s, 4H, aromat.). Anal, caled, for С HgNOS 
(167.230): С, 57.46; H, 5.42; Ν, 8.38; found С, 57.13, 57.34; Η, 5.35, 5.39; 
Ν, 8.36, 8.36. 
2-Methyl-thioben3anri.de S_-ox-ide 2d 
Prepared following the procedure given in the literature16. Yield 70%; 
m.p. 155-156° (dioxane); IR (KBr): 3260 (NH) , 955 (SO) cm" ; ^ -NMR (CDClj) : 
δ 2.30 (s, 3H, CH 3), 7.16-7.34 (m, 4H, aromat.), 8.5 and 9.1 (br.s, 2H, NH). 
4-Chloro-tkiobenzamide Sr-oxide 2e 
Prepared following the procedure given in the literature . Yield 90%; 
m.p. 175-178° (ref. 20: 170°); IR (KBr): 3260 (NH), 965 (SO) cm"1. Anal. 
caled, for C-H^-CINOS (187.648): C, 44.81; H, 3.22; N, 7.46; S, 17.09; 
/ О 
found C, 45.00, 44.92; H, 3.24, 3.23; N, 7.71, 7.55; S, 17.38, 17.51. 
4-Methoxy-thiobenzambde S-oxide 2f 
Prepared following the procedure given in the literature16. Yield 94%; 
m.p. 127-130° (acetonitrile) ; IR (KBr) : 3360 (NH) , 955 (SO) cm" ; ^ -NMR 
(CDC13): δ 3.77 (s, 3H, CH3), 6.93 and 7.40 (ABq, 4H, J = 7.5 Hz, aromat.). 
Anal, caled, for CgHgNO^ (183.229): С, 52.44; H, 4.95; Ν, 7.64; S, 17.51; 
32 
found С, 52.69, 52.67; H, 4.91, 4.83; Ν, 7.56, 7.61; S, 17.56, 17.32. 
4-Acetyl-thiobenzamLde S^-oxide 2g 
Prepared following the procedure given in the literature . Yield 73%; 
m.p. 162-165° (decomp.); IR (KBr): 3200 (NH), 1675 (CO), 950 (SO) cm" ; 
^-NMR (CDC13) : & 2.57 (s, 3H, CHj) , 7.66 and 8.0 (ABq, 4H, J = 7.5 Hz, 
aromat.), 8.8 (br.s, 2H, NH) . Anal, caled, for C gH gN0 2S (195.249): C, 55.36; 
H, 4.61; N, 7-17; found C, 55.40, 55.57; H, 4.66, 4.69,- N, 7.21, 7.26. 
Z-Methyl-thiobenzanilide _li 
Э Э Prepared following the procedure given in the literature . Yield 71%; 
m.p. 92-93°. Anal, caled, for С H NS (227.329): С, 73.97; H, 5.76; Ν, 6.16; 
found С, 73.8, 73.7; Η, 5.7, 5.8; Ν, 6.0, 6.1. 
2-Methyl-thiobenzanilide S_-oxide 2i 
Prepared following the procedure given in the literature . Yield 66%; 
m.p. 121-122° (decomp.); IR (KBr): 3180 (NH), 970 (SO) cm"1; 1H-NMR (CDC13) : 
6 2.02 (s, 3H, CH3) , 6.67-7.27 (m, 9H, aromat.). Anal, caled, for C^H^NOS 
(243.328): C, 69.11; H, 5.39; N, 5.76; found С, 69.18, 68.98; Η, 5.40, 5.36; 
Ν, 5.63, 5.60. 
2,4,6-Trimethylthiobenzanilide Jj 
To a solution of 50 mmol of mesitylmagnesium bromide (prepared from 
1.46 g of magnesium and 10.0 g of mesityl bromide) in THF (150 ml) 6.20 g 
(46 mmol) of phenylisothiocyanate was added. After being stirred for 12 h 
at room temperature the reaction mixture was poured into concentrated 
aqueous solution of NH.C1. The crude product was extracted with ether, 
the organic extract was dried (MgSO.) and concentrated in vacuo. The 
product was crystallized from light petroleum-toluene to give 6.09 g (52%) 
a: 
1.. 
s slightly yellow crystals. M.p. 132-133°; IR (KBr): 3200 (NH) cm ; 
H-NMR (CDCl3):6 2.14-2.27 (m, 9H, CH 3), 6.67 and 6.76 (s, 2H, mesityl), 
6.97-7.70 (m, 5H, aromat.), 8.67 and 9.6 (br.s, IH, NH). Anal, caled, for 
C,^H,_NS (255.383): C, 75.25; H, 6.71; N, 5.68; found C, 75.04, 75.02; 
lb 1 / 
H, 6.79, 6.79; N, 5.65, 5.69. 
2,4,6-Т гтеЬЬуІЬкіоЪепгапгЫае S_-oxide 2j 
Prepared following the procedure given in the literature . Yield 85%; 
m.p. 155-157° (toluene); IR (KBr): 3120 (NH), 965 (SO) cm" ; 1H-NMR (CDC1,): 
δ 2.17 (s, 6H, 2-CH3) , 2.25 (s, ЗН, 4-CH3), 6.67 (m, 2H, aromat.), 6.83 (s, 
33 
2H, mesityl), 7.0-7.14 (m, ЗН, aromat.). Anal, caled, for CjgH^NOS (271.382): 
С, 70.81; H, 6.31; Ν, 5.16; found С, 70.79, 70.89; Η, 6.41, 6.37; Ν, 5.02, 5.00. 
N-(4-Chlorophenyl)-2,4,6-trímethytthiobenzamide Ik 
The procedure as given for ^ j was followed. Starting from 10.0 g (50 mmol) 
of mesityl bromide, 1.22 g (50 mmol) of magnesium and 7.20 g (45 mmol) of 
4-chlorophenylisothiocyanate 9.39 g (72%) of Ik was obtained. M.p. 195-198° 
(toluene). Anal, caled, for C,CH,^C1NS (289.828): C, 66.33; H, 5.56; 
l b l b 
N, 4 . 8 3 ; found C, 66 .2 , 6 6 . 1 ; H, 5.50, 5.50; N, 4 .80 , 4 .70 . 
П-(4-СкІогор}іепуІ)-2,4,6-ЬтітеікуЪ±НіоЪепгатгіае S-oxíde 2k 
Prepared following the procedure given in the l i t e r a t u r e V Yield 85%; 
m.p. 140° (decomp.); IR (KBr): 3120 (NH), 970 (SO) cm" ; 1H-NMR (CDC13): 
6 2.17 and 2.27 ( s , 9H, СІЦ), 6.61 and 7.03 (ABq, 4H, J = 8.40 Hz, a r o m a t . ) , 
6.87 (s , 2H, m e s i t y l ) . Anal, ca led, for С,,HOCINOS (305.827): С, 62.84; 
16 16 
H, 5.27; Ν, 4.28; found С, 62.96, 62.97; Η, 5.20, 5.23; Ν, 4.47, 4.48. 
N-(4-Chlorophenyl)thÎobenzambde 11 
Prepared following the procedure given in the literature . Yield 70%; 
m.p. 149-150° (ethanol). Anal, caled, for С H.-jClNS (247.747): C, 63.03; 
H, 4.07; N, 5.65; found C, 63.13, 63.23; H, 4.09, 4.12; N, 5.87, 5.87. 
N-(4-Chlorophenyl)thiobenzamide S_-oxide 21 
Prepared following the procedure given in the literature . Yield 64%; 
m.p. 175-177° (light petroleum-toluene); IR (KBr): 3100 (NH), 960 (SO) cm" . 
Anal, caled, for С H C1NOS (263.746): С, 59.20; H, 3.82; Ν, 5.31; found 
С, 59.24, 59.05; Η, 3.70, 3.69; Ν, 5.07, 5.07. 
Ν-(3-ChlorophenyI)thiobenzaimde lm 
Prepared following the procedure given in the literature3э. Yield 62%; 
m.p. 104-105° (light petroleum-toluene). Anal, caled, for С ,Η ClNS 
(247.747): С, 63.03; Η, 4.07; Ν, 5.65; found С, 63.29, 62.94; Η, 4.12, 4.11; 
Ν, 5.77, 5.71. 
N-(3-Chloi>ophenyl)th-iobenzamide S_-oxide 2m 
Prepared following the procedure given in the literature ^. Yield 62%; 
m.p. 132-133° (toluene); IR (KBr): 3120 (NH), 960 (SO) cm" . Anal, caled, for 
C 1 3H 1 0C1NOS (263.746): C, 59.20; H, 3.82; N, 5.31; found С, 59.50, 59.47; 
Η, 3.82, 3.82; Ν, 5.28, 5.29. 
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Ν-(3-ChlorophenyZ)-4-chlorothiobenzamide lo 
Prepared following the procedure given in the literature . Yield 70%; 
m.p. 136-137° (ethanol). 
N-(3-Chlorophenyl)-4-ahlorothbobenzamide S-oxide 2o 
Prepared following the procedure given in the literature . Yield 48%; 
m.p. 144-145° (toluene); IR (KBr): 3120 (NH), 970 (SO) cm" . Anal, caled. 
for С H Cl NOS (298.191): С, 52.36; H, 3.04; Ν, 4.70; found С, 52.66, 
51.30, 53.71; Η, 2.95, 2.91, 3.05; Ν, 4.47, 4.28, 4.97. 
N-(4-Chlorophenyl)-4-ahlorothiobenzamide In 
Prepared following the procedure given in the literature . Yield 63%; 
m.p. 201-204° (toluene). 
N-(4-Chlorophenyl)-4-chlorothiobenzamide S_-oxide 2n 
Prepared following the procedure given in the literature . Yield 69%; 
m.p. 172° (toluene); IR (KBr): 3120 (NH), 970 (SO) cm" . Anal, caled, for 
С Η Cl2NOS (298.191): С, 52.36; Η, 3.04; Ν, 4.70; S, 10.75; found С, 52.66, 
51.30, 53.71; H, 2.95, 2.91, 3.05; Ν, 4.47, 4.28, 4.97; S, 10.68, 10.83. 
N-(S,e-D-LisopropyIphenyDth-iobenzamide lp 
3 з 
Prepared following t h e procedure given in the l i t e r a t u r e . Yield 61%; 
m.p. 174-175° ( e t h a n o l ) . 
N-(2,6-Diisopropylphenyl)th-ioben3am-ide ¡hoxide 2p 
Prepared following the procedure given in the l i t e r a t u r e . Yield 67%; 
m.p. 146-150° (decomp.); IR (KBr): 3160 (NH), 975 (SO) cm" ; H-NMR (CDC1 ) : 
δ 0.90 and 1.13 (d, 12H, J = 6.0 Hz, CH ) , 3.0 ( s e p t . , 2H, J = 6.0 Hz, CH), 
6.9-7.3 (m, 8H, a r o m a t . ) . Anal, caled, for С H NOS (313.463): С, 72.80; 
H, 7.40; Ν, 4.47; found С, 72.81, 72.71; Η, 7.39, 7.39; Ν, 4 . 5 1 , 4 .69. 
N-(2,4,6-Tr-ÍmethylphenyZ)th-Lobenzamide _lq 
Prepared following the procedure given in the l i t e r a t u r e 3 3 . Yield 78%; 
m.p. 162-163°; ^-NMR (CDC13) : δ 2.17 ( s , 6H, CH3) , 2.23 ( s , ЗН, CHO , 
6.80 (s , 2H, m e s i t y l ) , 7.34 (m, ЗН, a r c m a t . ) , 7.80 (m, 2H, a r o m a t . ) , 8.55 
( b r . s , IH, NH). 
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N-(2,4,6-Tin.methylphenyl)tkíobenzamide fr-oxide ^q 
Prepared following the procedure given in the literature . Yield 66%; 
m.p. 142° (decomp., from toluene); IR (KBr): 3100 (NH), 970 (SO) cm" ; 
^-NMR (CDCl3):62.09 (s, 6H, CH3) , 2.20 (s, 3H, CH,) , 6.77 (s, 2H, mesityl) , 
7.20 (m, 5H, aromat.). Anal, caled, f or С. ,,Η. .NOS (271.382): С, 70.81; 
lo 17 
H, 6.31; Ν, 5.16; found С, 70.94, 70.96; Η, 6.36, 6.33; Ν, 5.18, 5.16. 
Thioainnamanilide Is 
Prepared following the procedure given in the literature . Yield 41%; 
m.p. 129-131°. Anal, caled, for С Η
 3NS (239.340): С, 75.28; Η, 5.48; 
Ν, 5.85; found С, 75.05, 75.07; Η, 5.47, 5.48; Ν, 5.93, 5.94. 
Tkiocinnaman-Llide Sj-oxíde 2s 
Prepared following the procedure given in the literature . Yield 59%; 
m.p. 137-138°; IR (KBr): 3140 (NH) , 980 (SO) cm"1; ^-NMR (CDC13) : δ 6.04 
(half of ABq, 2H, J = 15.0 Hz, C=CH), 7.04-7.14 (m, 12H, aromat. + C=CH), 
8.7 (br.s, IH, NH) . Anal, caled, for С H NOS (255.339): С, 70.56; H, 5.13; 
Ν, 5.49; found С, 70.15, 70.15; Η, 4.96, 5.05; Ν, 5.40, 5.29. 
N-(2-Aminophenyl)thiobenzamide ly 
Carboxymethyl dithiobenzoate (1.2 g, 5 mmol) was dissolved in caustic 
soda (0.2 g NaOH in 30 ml of H-O). Then o-phenylendiamine (0.50 g, 5 mmol) 
was added and the reaction mixture was stirred for 12 h at room temperature. 
The crude product was filtered off and dissolved in ethyl acetate. The 
solution was washed with aqueous Na.CO , with water, dried (MgSO.), and the 
solvent was removed in Vacuo. Crystallization from ethanol afforded 1.55 g 
(68%) of ly, m.p. 153-155° (decomp.); IR (KBr): 3330 and 3120 (NH) cm"1. 
Anal, caled, for CjgH^NjS (228.317): C, 68.39; H, 5.30; N, 12.27; found 
C, 68.31, 68.24; H, 5.28, 5.40; N, 12.20, 12.26. 
Pyridiniim 1,4-bis-thioxo-Z-phenyl-benzo [b] 1,3,2-oxazaphosphorine-2-thiolat 3_ 
A mixture of 2-methoxybenzoyl chloride (22.2 g, 0.13 mol), aniline (12.1 g, 
0.13 mol) in pyridine (100 ml) was heated under reflux for 1 h. After cooling 
P.S (35 g) was added and heating was continued for another 2 h. The mixture 
was poured into diluted hydrogen chloride (10%, 600 ml) and after standing 
overnight the crystals were filtered off. The crude product was recrystallized 
from ethanol or acetonitrile to give 36.8 g (70%) of 3 as yellow crystals, 
m.p. 160-163°; IR (KBr): 3210 and 3150 (NH) cm" . Anal, caled, for C.0H, ..N^ O.PS, 
lo lb 2 2 2 
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(402.497): С, 53.71; H, 3.76; Ν, 6.96; found С, 53.55, 53.69; Η, 3.78, 3.74,· 
Ν, 6.84, 6.81. 
2H-6-phenyl-benzo\c] 1,2,S-thiadiazine 4 
To a solution of iy (2.0 g, 8.7 mmol) in ethanol (150 ml) 40% of hydrogen 
peroxide (0.85 ml, 10 mmol) was added and stirred for 12 h. The solvent was 
evaporated and the crude product was purified by column chromatography on 
silica gel (type 60, Merck) using light petroleum-diethyl ether (1:1). 
After recrystallization from light petroleum-diethyl ether (-20°) 0.98 g 
(50%) of 4 was obtained as yellow crystals, m.p. 149-152°; IR (KBr): 3180 
(NH) cm"1. Anal, caled, for С Η N S (226.315): С, 68.99; H, 4.45; Ν, 12.38; 
found С, 68.80, 68.87; Η, 4.41, 4.38; Ν, 12.21, 12.20. 
&-Ethoxy-thiobenzintidvum tetrafluoroborate 5μ 
To a solution of 0.15 g (1 mmol) of thiobenzamide S-oxide (2a) in 1 ml 
of dry CH.-C1- was added at room temperature under nitrogen 0.19 g (1 mmol) 
of triethyloxonium tetrafluoroborate in 0.3 ml of CH CI using a syringe. 
After stirring for 15 min. the solvent was evaporated and the crude product 
was crystallized from CH CI (-780C). Yield 75%; m.p. 104-105°; IR (CHC13): 
3280, 3140 (NH2) , 1616 (C=N) , 1065 (S-OC Н ^ cm"
1
; ^ -NMR (CDC13) : δ 1.50 
(t, 3H, J = 6 Hz, CHJ , 4.37 (q, 2H, J = 6 Hz, CH.) , 7.5-7.9 (m, 5H, aromat.), 
8.23 + 9.87 (br.s, 2H, 2xNH). Anal, caled, for CgH „BF NOS (269.075): 
С, 40.17; H, 4.50; Ν, 5.21; found С, 40.15, 40.08; Η, 4.56, 4.48; Ν, 5.13, 5.13. 
fr-Ethoxy-4-(methyl) ЬЫоЪвпггтгашп tetrafluoroborate 5b 
The procedure as given for ^ a was followed. Starting from 3.34 g (20 mmol) 
of 4-(methyl)thiobenzamide S-oxide (2b) 5.25 g (93%) of 5b was obtained. 
The product was recrystallized from CH.C1./diethyl ether, m.p. 110-112°; 
IR (CHC13) : 1620 (C=N) , 1060 (S-OC H ) cm"
1
; ^ -NMR (CDClj) : δ 1.45 (t, 3H, 
J = 6.9 Hz, CH 2CH 3), 2.37 (s, 3H, CH 3), 4.30 (q, 2H, J = 6.9 Hz, CH 2), 
7.23 + 7.64 (ABq, 4H, J = 6.3 Hz, aromat.). Caled, for С H.-BF NOS (283.102): 
С, 42.43; H, 4.98; Ν, 4.95; found С, 42.21, 42.29; Η, 4.99, 4.84; Ν, 4.88, 4.91. 
S_-Ethoxy-N-phenyl-th-iobens-imidium tetrafluoroborate 5h 
The procedure given for 5a was followed. Starting from 1.15 g (5 mmol) of 
thiobenzanilide S-oxide (2h) 80% of 5h was obtained. The crude product was 
crystallized from CH CI /diethyl ether, m.p. 102-104°; IR (CHC1 ): 1605 
(C=N), 1070 (S-OC H ) cm"1; ^ -NMR (CDCl-j) : δ 1.18 + 1.46 (2xt, 3H, J = 
6.6 Hz, CH 2CH 3), 3.50 + 4.45 (2xq, 2H, J = 6.6 Hz, CH CHO , 7.1-7.85 (m, 10H, 
37 
aromat.). Anal, caled, for С,„H,„BF.NOS (345.173): С, 52.20; H, 4.67; Ν, 
1Ь lb 4 
4.06; found С, 52.64, 52.66; Η, 4.67, 4.69; Ν, 4.03, 4.15. 
S^Ethoxy-N^methyl-N-phenyl-thiobenzimidium tetrafluoroborate Su 
The procedure given for J>a was followed. Starting from 0.49 g (2 mmol) 
of N-methyl-thiobenzanilide S-oxide (2u) 83% of 5u was obtained. The crude 
product was recrystallized from CH CI /diethyl ether (-78''), m.p. 135-139°; 
-1 1 
IR (KBr) : 1640 (C=N) , 1050 (S-OC.HJ cm ,- H-NMR (CDCl3) : δ 0.72 (t, 3H, 
J = 7.2 Hz, CH 2CH 3), 3.48 (q, 2H, J = 7.2 Hz, CH 2CH 3), 3.67 (s, 3H, CHj), 
7.45-7.85 (m, 10H, aromat.). Anal, caled, for C,,,Η,QBF.NOS (359.200): 
lb lb 4 
C, 53.50,- H, 5.05; N, 3.90; found C, 53.24, 53.29; H, 5.15, 5.27; N, 3.73, 
3.70. 
Ethyl l-dminojphenylmethanesulfenate 6a 
To a solution of 0.15 g (1 mmol) of thiobenzamide S-oxide (2a) in 1 ml 
of dry CH_C1_ was added at room temperature under nitrogen 0.19 g (1 mmol) 
of triethyloxomum tetrafluoroborate in 0.3 ml of CH_C12 using a syringe. 
After stirring for 15 min. the reaction mixture was diluted with CH^Cl. 
(20 ml) and extracted once with a 10% solution of sodium carbonate. After 
evaporation of the solvent and purification by flash column chromatography 
(silica gel, light petroleum-ethyl acetate 4:1) ^ a (40%) was obtained as 
an slightly yellow oil. IR (neat): 3360 (NH), 1610 (C=N), 1020 (S-OC.Hg) 
cm"
1
; ^-NMR (CDC13) : & 1.40 (t, 3H, J = 6 Hz, CHj) , 3.84 (q, 2H, J = 6 Hz, 
CH,), 7.3-7.7 (m, 5H, aromat.). 
Ethyl l-(N-phenyliminoiphenylmethanesulfenate 6h 
The procedure given for b& was followed. Starting from 2.29 g (10 mmol) 
of thiobenzanilide S-oxide 2h and purification by flash column chromatography 
(silica gel, light petroleum-ethyl acetate 10:1), 2.30 g (90%) of 6h was 
isolated as a yellow oil. IR (neat): 1620 (C=N), 1020 (S-OC H,) cm" ; H-NMR 
(CDC13): δ 0.87 (br.s, Зн, CH 2CH 3), 3.42 (br.s, 2H, CH 2), 6.7-7.6 (m, 10H, 
aromat.); MS: m/e 257 (M +), 212, 197, 180; M + caled. 257.0874; found 257.0870. 
Anal, caled, for C^H NOS (257.355): С, 70.01; H, 5.88; Ν, 5.44; found С, 
69.20, 69.31; н, 5.81, 5.80; Ν, 5.36, 5.29. 
Ethyl l-(N-^henyl-irrino) (2-tolyl)methanesulfenate бі 
The procedure given for jia was followed. Starting from 1.0 g (4 mmol) of 
2-methyl-thiobenzanilide 5-oxide 2i and purification by flash column 
chromatography (silica gel, light petroleum-ethyl acetate 9:1) 0.60 g (55%) 
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of 6i was obtained as a yellow oil. IR (neat): 1615 (C=N), 1010 (S-OC H ) 
cm"
1
; ^-NMR (CDC13) : & 0.67 + 1.28 (2xbr.s, 3H, CHjCI^) , 2.05 + 2.50 (2xs, 
3H, CH,), 3.24 + 4.10 (2xbr.s, 2H, CH CH 3), 6.7-7.45 (m, 9H, aromat.). 
MS: m/e 272 (M++l), 271 (M+) , 226, 194; M + (C,
c
H,_N0S) caled. 271.1031; 
lb 1 / 
found 271.1034. 
Ethyl l-(N-phenylimino) (2,4,6-trimethylphenyl)methanesulfenate 6-j 
The procedure given for 6a. was followed. Starting from 0.27 g (1 mmol) 
of 2,4,6-trimethylthiobenzanilide 5-oxide (2j) after purification by flash 
column chromatography (silica gel, light petroleum-ethyl acetate 20:1) 
0.16 g (53%) of ^ j was obtained as a yellow oil. The product was distilled 
under reduced pressure. B.p. 150o/0.01 mm (Kugelrohr); IR (neat): 1610 (C=N), 
1010 (S-OC H ) cm" ; ^ -NMR (CDC13) : fi 0.72 + 1.37 (2xbr.t, 3H, J = 7.2 Hz, 
CH 2CH 3), 2.17, 2.27, 2.32 (3xs, 9H, 3xCH3), 3.20 + 4.10 (2xq, 2H, J = 7.2 Hz, 
CH,), 6.6-7.25 (m, 7H, aromat.). MS: m/e 300 (M++l), 283, 253, 222; M++l 
(C,QHo_N0S): caled. 300.1422; found 300.1428. 
Ethyl l-[N-(4-ahlorophenyl)imbno]phenylmethanesulfenate 61 
The procedure given for 6a was followed. Starting from 1.31 g (5 mmol) 
of N-(4-chlorophenyl)thiobenzamide S-oxide (21) and after purification by 
flash column chromatography (silica gel, light petroleum-ethyl acetate 11:1) 
0.86 g (59%) of ^ 1 was obtained as a yellow oil. It was crystallized from 
light petroleum (-78°). M.p. 42-43''; IR (neat): 1610 (C=N) , 1010 (S-OC H ) 
- 1 1 
cm ; H-NMR (CDC13) : 6 0.85 (br.s, 3H, CHO , 3.36 + 3.90 (2xbr.s, 2H, 
CH ), 6.6-7.6 (m, 9H, aromat.). Caled, for С
 5H C1N0S (291.860): C, 61.74; 
H, 4.84,- N, 4.80; found C, 61.62, 61.32; H, 4.58, 4.56; N, 4.77, 4.69. 
Ethyl l-[N-(3-chlorophenyl)imbno]phenylwethanesulfenate 6m 
The procedure given for 6a was followed. Starting from 1.31 g (5 mmol) 
of Ν-(3-chlorophenyl) thiobenzamide S-oxide (2m) and after purification by 
flash column chromatography (silica gel, light petroleum-ethyl acetate 11:1) 
0.97 g (65%) of 6m was obtained as a yellow oil. IR (neat): 1610 (C=N), 
1010 (S-OC2H5) cm"
1
; ^ -NMR (CDCl3) : δ 0.87 (br.s, 3H, OLj) , 3.44 (br.s, 2H, 
CH 2), 6.6-7.5 (m, 9H, aromat.). MS: m/e 291 (M
+), 246.214; M + (C H C1N0S): 
caled. 291.0485; found 291.0492. 
Ethyl l-\ß-(4-ohlorophenyl)imino\ (4-chloi>ophenyl)methanesulf'enate 6n 
The procedure given for 6a was followed. Starting from 0.44 g (1.48 mmol) 
of N-(4-chlorophenyl)-4-chloro-thiobenzamide S-oxide (2n) and after 
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purification by flash column chromatography (silica gel, light petroleum-
ethyl acetate 11:1) 0.35 g (75%) of 6n was obtained. Crystallization from 
light petroleum afforded yellow crystals, m.p. 71.5-73.5°; IR (CCI.): 1610 
(C=N), 1010 (Ξ-OC Η ) cm" ; H-NMR (CDC1,): δ 0.93 (br.s, 3H, CHj), 3.47 
(br.s, 2H, CHj) , 6.7-7.6 (m, 8H, aromat.). Anal, caled, for C 1 5H„CljNOS 
(326.245): C, 55.22; H, 4.02; N, 4.29; found C, 55.21, 55.16; H, 4.06, 
4.04; N, 4.40, 4.25. 
Ethyl 1-[N-(2,6-diisopropylphenyl)imino]phenylmethanesulferiate 6p 
The procedure given for 6a was followed. Starting from 0.62 g (2 mmol) 
of N-(2,6-diisopropylphenyl)thiobenzaiiiide S-oxide (2p) and after purificat­
ion by flash column chromatography (silica gel, light petroleum-ethyl 
acetate 20:1) 0.32 g (47%) of 6p was obtained as a yellow oil. IR (neat): 
1610 (C=N) , 1015 (S-OC H ) cm"1; ^ -NMR (CDCIO : δ 0.Θ4 (t, 3H, J = 6.6 Hz, 
CH 2CH 3), 1.17, 1.30 (2xd, 12H, J = 6.0 Hz, CH 3), 3.0 (m, 2H, CH), 3.30 (q, 
2H, J = 6.6 Hz, CH 2), 7.06 (s, 3H, aromat.), 7.4 (m, 3H, aromat.), 7.7 (m, 
2H, aromat.). MS: m/e: 341 (M +), 309, 280, 264; M + (C Η NOS) caled. 
341.1813; found 341.1819. 
Ethyl 1-[N-(2,4,6-trbmethylphenyl)imznOjPhenylmethanesu.lferiate 6q 
The procedure given for 6a was followed. Starting from 1.35 g (5 mmol) 
of Ν-(2,4,6-trimethylphenyl)thiobenzamide S-oxide (2q) after purification 
by flash column chromatography (silica gel, light petroleum-ethyl acetate 
20:1) 0.46 g (30%) of 6q was obtained as a yellow oil. IR (neat): 1610 
(C=N), 1010 (S-OC H ) спГ ; H-NMR (CDC1 ): δ 0.82 (br.t, 3H, J = 6 Hz, 
CH CH ) , 2.12 (s, 6H, o-CH ) , 2.17 (s, 3H, p-CH-j) , 3.30 (br.q, 2H, J = 6 Hz, 
CH ), 6.67 (s, 2H, mesityl-aromat.), 7.24 (m, ЗН, aromat.), 7.54 (m, 2H, 




299.1344; found 299.1348. 
Ethyl l-(N-pheny limino) ethane sul ƒ'enate 6r 
The procedure given for ^ a was followed. Starting from 0.83 g (5 mmol) 
of thioacetanilide S-oxide 2r and purification of the crude product by 
flash column chromatography (silica gel, light petroleum-diethy1 ether 
10:1) 0.48 g (49%) of for was obtained as a yellow oil. IR (neat): 1635 
(C=N) , 1020 (S-OC.Hg) cm" ; ^ -NMR (CDC13) : δ 1.23 (2xt, 3H, CH.CHJ , 1.77 + 
2.40 (2xs, 3H, CHJ , 3.70 + 4.0 (2xq, 2H, J = 6.5 Hz, CH CH ) , 6.55-7.1 
(m, 5H, aromat.). MS: m/e 195 (M +), 150, 135, 118; M + (C Η NOS) caled. 
195.0718; found 195.0720. 
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Ethyl l-(N-pheny'limino)-3-phenyl-2-propene-l-sulferiate 6s 
The procedure given for 6a was followed. Starting from 0.Θ5 g (3.33 mmol) 
of thiocinnamanilide'S-oxide (2s) and after purification by flash column 
chromatography (silica gel, light petroleum-ethyl acetate 20:1) 0.28 g (30%) 
of 6s was obtained as a yellow oil. IR (neat): 1620 (C=C), 1575 (C=N), 1020 
(S-OC H ) cm" ; ^ -NMR (CDC13) : δ 1.07 (br.t, 3H, J = 6.3 Hz, CH3) , 3.73 + 
4.07 (2xq, 2H, J = 6.3 Hz, CH 2), 6.77-7.54 (m, 12H, aromat. and CH=CH). 
MS: m/e 283 (M +), 256, 238, 206; M + (C H NOS): caled. 283.1031; found 
283.1036. 
Desulfuration of 6h with tri-n-butylphosphine 
Tn-n-butylphosphine (0.20 g, 1 mmol) and 6h (0.26 g, 1 mmol) were 
stirred in CH CI- (1 ml) at room temperature for 12 h. The reaction mixture 
was separated by column chromatography (silica gel 60, Merck, light petroleum 
diethyl ether 9:1) to give 0.14 g (67%) of benzimidate 7. a n d 0 · 2 0 Я (86%) 
of tri-n-butylphosphine sulfide. The spectroscopic data of the imidate 7_ 
and the phosphine sulfide were in accordance with those of the authentic 
products. 
N-Bemyl-l-(N-phenylimino)phenylmethanesulfenarrride 8a 
A solution of 6h (0.16 g, 0.62 mmol) and benzyl amine (0.07 g, 0.65 mmol) 
in CCI. (1 ml) was stirred for 12 h. at room temperature. The solvent was 
evaporated and the crude product was purified by flash column chromatography 
(silica gel, light petroleum-ethyl acetate 20:1). The sulfenamide (65%) 
was obtained as a yellow oil which crystallized on standing. The crystals 
were washed carefully with diethyl ether and light petroleum, m.p. 51-54°. 
IR (CC14) : 3330 (NH) , 1615 (CN) , 1075, 1030 cm"
1
,-
 1H-NMR (CDC13) : б 3.60 + 
4.07 (2xbr.s, 2H, CH.), 6.75-7.40 (m, 15H, aromat.), 7.67 (br.s, IH, NH). 
MS: m/e 319 (M++l) , 286, 256, 212, 180. Anal, caled, for C - H . Q N . S (318.442): 
¿(J lb Ζ 
С, 75.44; Η, 5.70; Ν, 8.80; found С, 75.26, 75.63; Ν, 5.68, 5.72; Ν, 8.69, 
8.75. 
N-Benzyl-1-[N-fé-chlorophenyDimino] (4-chlorophenyl)methanesulfenamide 8b 
A solution of 6n (0.33 g, 1 mmol) and benzylamine (0.11 g, 1 mmol) in 
CCI. (2 ml) was allowed to react for 5 d. The crude product was purified by 
flash column chromatography (silica gel, light petroleum-ethyl acetate 20:1) 
and was crystallized from light petroleum to give 8b (77%) as yellow crystals, 
m.p. 65-66°; IR (KBr) : 3150 (NH) , 1520, 1360, 1250, 1000 cm" ; ^ -NMR (CDClO : 




.H,,Cl_N,S (387.332): С, 62.02; H, 4.16; Ν, 7.23; found С, 62.24, 62.30; ¿0 lb 2 2 
Η, 4.18, 4.11; Ν, 7.11, 7.10. 
Ν-( 1-Adamantyl)-1-('N-phenyUntino)phenylmethanesuífenamide 8c 
A solution of 6h (0.55 g, 2.1 mmol) and 1-adamantylamine (0.33 g, 2.2 
mmol) in CC14 (3 ml) was allowed to react at room tenperature for 5 d. After 
purification by flash column chromatography (silica gel, light petroleum-
ethyl acetate 15:1) 8c (66%) was obtained and recrystallized from light 
petroleum, m.p. 90-93°; IR (KBr) : 3200 (NH) , 1610 (CN) cm" ; ^ -NMR (CDC13) : 
6 1.17, 1.53, 1.67 (br.s), 2.5-3.33 (m) (adamantyl), 6.87-7.66 (m, 10H, 
aromat.). Anal, caled, for C^H N S (362.539): С, 76.20; H, 7.23; Ν, 7.73; 
S, 8.84,- found С, 75.89, 75.98; H, 7.33, 7.33; Ν, 7.68, 7.68; S, 8.48, 8.85. 
N,N-Diethyl-1-(N-phenylimino)phenylmethanesulfenamide 8d 
A solution of 6h (1.03 g, 4 mmol) and diethylamine (0.33 g, 4.5 mmol) 
in CCI. (2 ml) was stirred at room temperature for 2 d. The crude product 
was purified by flash column chromatography (silica gel, light petroleum-
ethyl acetate 20:1) to give 8d (46%) as a yellow oil. IR (neat): 1610 (CN) 
cm" ; ^ -NMR (CDC13) : δ 1.05 (br.s, 6H, CH,) , 3.02 (br.s, 4H, CH ) , 6.67-7.2 
(m, 10H, aromat.). MS: m/e 284 (M+) , 241, 225, 212, 180; M + (C^H^l^S) : 
caled. 284.1347; found 284.1348. 
General procedure for the synthesis of a-iminosulfoxide £a,d,e 
To a solution of aminosulfine (1 mmol) in dry THF (10 ml) under nitrogen 
oil-free sodium hydride (1 mmol) was gradually added at room temperature. 
After stirring for 0.5 h the electrophile (see table IV) was added and the 
mixture was stirred for an additional 2 h (12 h for 9f). The solvent was 
evaporated in vacuo using a drying tube between the water pump and the 
rotary vacuum evaporator. The residue was extracted with dry diethyl ether 
(30 ml) and filtered under nitrogen from the sodium salts. After evaporation 
the a-iminosulfoxides 9a,d,e were obtained as almost colourless oils. All 
the products contained some amide as contaminant according to the IR spectrum. 
9a: IR (CC14) : 1650 (C=N) , 1070 (S=0) cm"
1
; ^-NMR (CDC1 ) : 6 2.67 (s, 3H, 
CH,), 6.80 (m, 2H, aromat.), 7.14-7.37 (m, 8H, aromat.). 9d: IR (CCI.): 1650 
- I l (C=N), 1070 (S=0) cm ; H-NMR (CDClj): δ 1.98 (s, 6H, 2xO-CH3), 2.22 (s, 
3H, p-CH,), 2.67 (s, Зн, CHjSO), 6.76 (s, 2H, mesityl-aromat.), 7.0-7.7 (m, 
5H, aromat.). 9e: IR (CC14) : 1660 (C=N) , 1050 (S=0) cm"
1
; ^-NMR (CDC1J : 
б 2.17 (s, 3H, CH3C=N), 2.80 (s, 3H, CH3SO), 6.84 (m, 2H, aromat.), 7.14-
7.40 (m, 3H, aromat.). 9f: IR (CC14): 1660 (C=N), 1065 (S=0) cm" ; H-NMR 
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(CDCl ) : δ 2.0 (s, ЗН, CH,C=N) , 4.40 (s, 2H, CH,) , 6.6-7.4 (m, Ю Н , aromat.). 
Methyl 2,4¡e-trimethylbenzeneth-ioearboximidate S_-oxide 9b 
To a solution of 2,4,6-trimethylthiobenzanilide S-oxide (2j) (1.08 g, 
4 mmol) in dry THF (40 ml) sodium hydride (0.1 g, 4.2 mmol) was gradually 
added at room temperature under nitrogen, then the mixture was stirred for 
15 min. Methyl iodide (0.62 g, 4.4 mmol) was added and the solution was 
stirred for 2 h. Special care was taken to purify 9b. Dry silica gel (type 
60, Merck, 5-10 g) was added to the solution and the solvent was evaporated 
under the conditions mentioned above. The so obtained "dry" solid with 
adherent crude product was used to apply on the column. Flash column 
chromatography (dry silica gel, dry diethyl ether) gave 0.71 g (62%) of 
9b as an colourless oil. IR (CCI ): 1640 (C=N), 1070 (S=0) cm" ; H-NMR 
(CDC13): δ 2.04 (s, ЗН, p-CH 3), 2.18 (s, ЗН, 0-CH 3), 2.23 (s, ЗН, o-CH 3), 
2.77 (s, ЗН, CH 3SO), 6.74-7.16 (m, 7H, aromat.). 
Ethyl 2,4,6-tiri,methylbenzenethiooarboximidate S_-oxide 9c 
To a solution of 2,4,6-trimethylthiobenzanilide S-oxide (2]) (0.27 g, 
1 mmol) in dry THF (15 ml) sodium hydride (30 mg, 1.25 mmol) was added at 
room temperature under nitrogen. Then the mixture was stirred for 15 min. 
Ethyl iodide (1.27 g, 8.2 mmol) and 18-crown-6 (20 mg) were added and the 
mixture was heated under reflux and under nitrogen for 1 h. By using the 
same chromatographic procedure as given for 9b 0.12 g (40%) of 9c was 
obtained as a colourless oil. IR (CCI.): 1630 (C=N), 1065 (S=0) cm" ; 
H-NMR (CDCl ): δ 1.40 (t, 3H, J = 7.5 Hz, CH CH ), 2.03 (s, 3H, p-CH ) , 
2.07 (s, 3H, O-CHO , 2.24 (s, 3H, O-CH^) , 2.97 (q, 2H, J = 7.5 Hz, CH.) , 
6.67-7.16 (m, 7H, aromat.). 
Methylsulfinyl-phenylth-ùo-(N-phenyl)Ì7nino methane 9g 
To a solution of anilino(phenylthio)sulfine (2t) (0.26 g, 1 mmol) in 
dry THF (15 ml) sodium hydride (30 mg, 1.25 mmol) was added under^nitrogen 
at room temperature. Then the mixture was stirred for 10 m m . Methyl iodide 
(0.21 g, 1.5 mmol) was added and the solution was stirred for 12 h. After 
evaporation of the solvent the crude product was purified by flash column 
chromatography (silica gel, light petroleum-ethyl acetate 2:3) and 9g 
(0.14 g, 51%) was obtained as a slightly yellow oil which crystallized upon 
trituration with diethyl ether, m.p. 83-85°. IR (KBr): 1570 (C=N), 1040 (SO) 
cm- ; ^ -NMR (CDCl ) : δ 2.72 (s, ЗН, CH ) , 6.75-7.34 (m, Ю Н , aromat.). 
Anal, caled, for С H NOS (275.392): С, 61.06; H, 4.76; Ν, 5.09; found 
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С, 61.19, 60.99; H, 4.79, 4.80; Ν, 4.99, 4.99. 
Ethyl (N-phenyl)th-iobenzimidate 10a 
A solution of 9a (2.5 mmol) and ethanethiol (0.19 g, 3 mmol) in THF (15 
ml) was stirred at room temperature under nitrogen for 24 h. The reaction 
mixture was poured into water, extracted with ether, then the solution was 
dried and concentrated in vacuo. The crude product was purified by flash 
column chromatography (silica gel, light petroleum-ethyl acetate 3:1) to 
yield 0.3 g (50%) of 10a as a yellow oil. The spectroscopic data were in 
accordance with those of an authentic sample 2. 
PhenyI [N-(2,4,6-trimethyIphenyl)] thiobemimidate 10b 
A solution of 9d (5 mmol) and sodium thiophenolate (6 mmol) in THF (50 
ml) was stirred at room temperature under nitrogen for 12 h. The reaction 
mixture was poured into water, extracted with diethyl ether, the extract 
was dried and concentrated in vaouo. The product was isolated by flash 
column chromatography (silica gel, light petroleum-ethyl acetate 20:1) to 
give 0.15 g (10%) of 10b. The product was recrystallized from n-pentane 
(-78°), m.p. 82-84°. IR (KBr) : 1620 (C=N) cm"1,- 1H-NMR (CDC1,) : 6 2.17 (s, 
6H, 2x0-CH3), 2.23 (s, 3H, p-CH3), 6.85 (s, 2H, mesityl-aromat.), 7.1-7.6 
(m, 10H, aromat.). Anal, caled, for C, H NS (331.481): С, 79.72; H, 6.39; 
Ν, 4.23; found С, 79.63, 79.41; Η, 6.41, 6.45; Ν, 4.48, 4.50. 
l-Phenyl-3,3,4-trimethyl-4-methylsulfinyl-2-azetidinone lia 
To a solution of 9e (5 mmol) in THF (30 ml) was added at room temperature 
and under nitrogen dimethyl ketene (5.5 mmol) in ethyl acetate (6 ml) . 
The reaction mixture then was stirred for 12 h. Then dimethyl ketene (4 mmol) 
was added and stirring was continued for 6 h. An additional amount of 
ketene (4 mmol) was added and again stirring was continued (12 h) . The 
reaction mixture was poured into water, extracted with diethyl ether, the 
extract was dried and concentrated in vaauo. The product was isolated by 
column chromatography (silica gel 60, Merck). By-products were removed by 
eluation with diethyl ether. Eluation with dichloromethane gave lia as a 
colourless oil (7%). IR (CHCl-j) : 1760 (C=0) , 1045 (S=0) cm-1; ^ -NMR (CDCl.) : 
δ 1.38 + 1.42 [2xs, 6H, C(CH3)2], 1.82 (s, 3H, 4-CH3) , 2.50 (s, 3H, SO-CH ) , 
7.1-7.9 (m, 5H, aromat.). 
44 
J-Phenyl-Z-phenoxy-4-methyl-4-methytsuZfinyl-2-azetiainone lib 
To a solution of 9e (5 mmol) and triethylamine (0.61 g, 6 mmol) in THF 
(30 ml) was added slowly at room temperature and under nitrogen a solution 
of phenoxyacetyl chloride (1.08 g, 6 mmol) in dry dichloromethane (50 ml). 
The reaction mixture was stirred for 12 h, then poured into water, extracted 
with diethyl ether, then the extract was dried and concentrated -in vacuo. 
The product was isolated by column chromatography (silica gel 60, Merck, 
diethyl ether) to give 0.33 g (21%) of lib as a colourless oil. IR (CC14) : 
1775 (0=0) , 1065 (S=0) cm"1; ^-NMR (CDCl,) : δ 1.93 (s, ЗН, 4-CH3) , 2.68 
(s, ЗН, SO-CHJ , 5.27 (s, IH, CH) , 6.9-7.75 (m, Ю Н , aromat.). 
l-Phenyl-3-phenoxy-4-benzylsulf-inyl-4-methyl-2-azetidinone lic 
To a solution of 9f (5 mmol) and triethylamine (0.61 g, 6 mmol) in THF 
(30 ml) was added slowly at room temperature and under nitrogen a solution 
of phenoxyacetyl chloride (1.08 g, 6 mmol) in dry dichloromethane (50 ml). 
The reaction mixture was stirred for 12 h, then poured into water, extracted 
with diethyl ether, the extract was dried and concentrated in vacuo. The 
product was isolated by column chromatography (silica gel 60, Merck, diethyl 
ether) to give 0.10 g (5%) of lib. The product was recrystallized from 
chloroform/diethyl ether, m.p. 160-161°. IR (CC14): 1770 (C=0), 1130 (S=0) 
cm~ ; ^-NMR (CDCl,): δ 2.03 (s, ЗН, CH,), 3.80 + 4.47 (ABq, 2H, J = 15 Hz, 
SO-CH,), 5.40 (s, IH, CH), 7.0-8.0 (m, 15H, aromat.). Anal, caled, for 
C23 H21 N S 03 ( 3 9 1 · 4 8 9 > : c ' 70-56; H, 5.41; N, 3.58; found С, 70.12, 69.98; 
H, 5.46, 5.43; Ν, 3.52, 3.41. 
General procedures for the synthesis of l,4,2,5-dithiadiazines j_2 and 
l,2,4-thiadiazoles 13 
Procedure A: To a solution of thiobenzamide S-oxide (1 mmol, see table V) 
in dry dichloromethane (1 ml) under nitrogen triethyloxonium tetrafluoro-
borate (0.19 g, 1 mmol) in dichloromethane (0.3 ml) was syringed at room 
temperature. After stirring for 15 min the reaction mixture was diluted 
with dichloromethane (20 ml) and pyridine (0.4 g, 5 mmol) was added. 
After stirring for 12 h the reaction mixture was washed with water, dried 
(MgSO.), and the solvent evaporated in vacuo. The crude product was 
purified by flash column chromatography on silica gel (type 60H, Merck) 
and crystallized from the solvent indicated below. 
Procedure B; To a suspension of thiobenzamide S-oxide (5 mmol) in dry di­
chloromethane (40 ml) under nitrogen thionyl chloride (0.60 g, 5 mmol) was 
added at -78° and the mixture was stirred for 15 min. The sulfine then was 
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dissolved and a clear solution was obtained. Pyridine (1.0 g, 12.5 mmol) was 
added and the reaction mixture was allowed to warm up to гост temperature. 
After stirring for 0.5 h the solution was washed with water, dried (MgSO ), 
and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (type 60H, Merck) and crystallized from the 
solvent indicated below. 
12a: Chromatographed using light petroleum-diethyl ether (20:1); yellow 
needles; m.p. 102-104° (light petroleum); MS: m/e 270 (M+, 14), 238, 167, 
135, 121 (100), 103. Anal, caled, for C.-H N S (270.376): С, 62.19; 
H, 3.73; Ν, 10.36; found С, 61.99, 62.33; Η, 3.65, 3.70; Ν, 10.25, 10.38. 
12b: Chromatographed using light petroleum containing 4% ethyl acetate; 
yellow needles; m.p. 153-155° (light petroleum); bl-NMR (CDC13): δ 2.37 (s, 
6H, CH 3), 7.20 and 8.84 (ABq, 8H, J = 7.8 Hz, aromat.); MS: m/e 298 (M
+), 
283, 266, 186, 149, 135, 117. Anal, caled, for cleÎll4ii2S2 ( 2 9 θ · 4 3 0 ) : c ' 
64.40; H, 4.73; N, 9.39; found С, 64.58, 63.93; H, 4.74, 4.80; Ν, 9.33, 9.25. 
The mixture of 12c and 13c was separated by flash column chromatography 
using tetrachloromethane; 12c: yellow needles; m.p. 81-82° (light petroleum); 
1H-NMR (CDC13) : δ 2.38 (s, 6H, CÍTj) , 7.25-8.10 (m, 8H, aromat.); MS: m/e 
298 (M+), 283, 265, 181, 149, 135, 117. Anal, caled, for C 1 6 H 14 N2 S2 
(298.430): С, 64.40; Η, 4.73; Ν, 9.39; found С, 64.18, 64.25; Η, 4.70, 4.69, 
Ν, 9.45, 9.37. 13c: slightly yellow crystals; m.p. 55-57° (light petroleum); 
^-NMR (CDC1 ) : δ 2.35 (s, 6H, CH3) ; 7.25 and 7.8 (m, 8H, aromat.). 
12d: chromatographed using light petroleum containing 2% ethyl acetate; 
yellow needles; m.p. 135-137° (light petroleum) ; ^-NMR (CDCIJ : δ 2.43 
(s, 6H, CH 3), 7.15-7.5 (m, 8H, aromat.); MS: m/e 298 (M ), 283, 265, 181, 
149, 135, 117. Anal, caled, for С,,H, .M.S., (298.430): С, 64.40; H, 4.73; 
lo 14 ¿ Ζ 
Ν, 9.39; found С, 64.57, 64.72; Η, 4.81, 4.77; Ν, 9.37, 9.59. 
13e: chromatographed using light petroleum containing 4% ethyl acetate; 
m.p. 151-513° (light petroleum); ^ N M R (CDCIJ : δ 7.39 and 7.90 (ABq, 4H, 
J = 7.2 Hz, aromat.), 7.40 and 8.24 (ABq, 4H, J = 7.80 Hz, aromat.); 
MS: m/e 307 (M +), 272, 255, 227, 189, 170, 138. Anal, caled, for С Η„αΐ N S 
(307.202): С, 54.75; H, 2.62,- Ν, 9.12; found С, 54.60, 54.56; Η, 2.57, 2.60; 
Ν, 8.84, 8.83. 
12f: chromatographed using tetrachloromethane containing 1% acetonitrile; 
yellow needles; m.p. 155-157° (light petroleumtoluene); H-NMR (CDC1,): 
δ 3.80 (s, 6H, CH 3), 6.86 and 7.86 (ABq, 8H, J = 8.2 Hz, aromat.). Anal. 
caled, for C 1 6
H
1 4
N 2 0 2 S 2 ( 3 3 0· 4 2 8> : c ' 58·16/· Η, 4.27; Ν, 8.48; S, 19.41; 
found С, 57.97, 57.75; H, 4.25, 4.24; Ν, 8.36, 8.40; S, 19.35, 19.32. 
46 
Reaction of 4-aoetyl-thiobenzamide S^oxide 2g with triethyloxonium tetra-
fluoroborate or thi-onyl chloride and pyridine 
The general procedure for heterocycles 12 and 13 was followed. The only 
isolated product was 4-acetylbenzonitrile which was identical with an 
authentic sample. 
Reaction of thiobenzanilide S_-oxide 2h with thionyl ohloride 
To a solution of thiobenzanilide S-oxide 2h (1.15 g, 5 mmol) in dry di-
chloromethane (10 ml) thionyl chloride (0.61 g, 5 mmol) was added. After 
stirring for 15 min the solvent was evaporated to give 1.0 g (93%) N-(phenyl) 
benzimidoyl chloride 20. Sublimation (lOOVO.l Torr) afforded 20. a s white 
crystals; m.p. 38-40° (ref. 53: 40°). The product was identical with an 
authentic sample 
Reaction of sulfenamide 8d with hydrogen chloride 
Hydrogen chloride was passed through a solution of N.N-diethyl-l-fN-
phenylimino)phenylmethanesulfenamide Bd (0.52 g, 1.8 mmol) in dry diethyl 
ether (5 ml) at 0° for 2 h. The solution was filtered from the amine-hydro-
5 Э 
chloride and the filtrate was concentrated to give 0.33 g (85%) of 20 
Trapping reaction of sulfenyl chloride _1£ with diethylamine 
To a solution of thionyl chloride (0.60 g, 5 mmol) in dry chlorotri-
fluoromethane (50 ml) under nitrogen thiobenzanilide S-oxide (j2h) (1.15 g, 
5 mmol) in dry dichloromethane (50 ml) was added at -100° within 0.5 h. 
After stirring for 15 min diethylamine (2.14 g, 29.3 mmol) and triethyl-
amine (2.08 g, 20.5 mmol) were added and the reaction mixture was stirred 
at -78° for 0.5 h. The solution was washed with water, dried (MgSO.), and 
concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (type 60H, Merck) using light petroleum 
containing 4% ethyl acetate to give 0.84 g (59%) of 8d. When the reaction 
was performed at -78° 24% of 8d was isolated. 
Trapping reaction of sulfenyl chloride \9_ with cyclohexene 
To a solution of thionyl chloride (0.60 g, 5 mmol) and cyclohexene 
(5 ml) in dry dichloromethane (20 ml) under nitrogen a solution of thiobenz-
anilide S-oxide 2h (1.15 g, 5 mmol) and triethylamine (1.01 g, 10 mmol) in 
dichloromethane (50 ml) was added at -78° within 3 h. The reaction mixture 
was allowed to warm up to room temperature and was washed with water, dried 
(MgSO.) and concentrated in vacuo. The residue was separated by flash column 
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chromatography on silica gel (type 60H, Merck) using light petroleum 
containing 3% ethyl acetate to give 22a (0.19 g, 12%), 22b (20 mg, 1%) and 
23 (0.42 g, 20%) . When the reaction was performed at -20° in dichloromethane 
26% of 22a and b were obtained. Dimethylformamid (DMF) as solvent (-20°) 
produced 29% of only 22a. 
22a: yellow oil; IR (neat): 1610 (C=N) cm"1; ^-NMR (CDC13) : δ 1.23 (m, 8H, 
CH,) , 4.16 (br.s, 2H, CH) , 6.75-7.40 (m, ЮН, aromat.); MS: m/e 329 (M+) , 
294, 264, 213, 212; Μ + caled. 329.1005, found 329.0998. 22b: yellow oil; 
IR (neat): 1610 (C=N) cm" ; H-NMR (CDC1 ): δ 1.23-2.24 (m, 8H, CH ), 3.14 
and 4.04 (br.s, 2H, СН) , 6.84-7.65 (m, Юн, aromat.). ¿3: yellow crystals; 
m.p. 103-105° (diisopropyl ether); IR (KBr): 1620 (C=N) cm" ; MS: m/e 424 
(M+) , 392, 212, 180. Anal, caled, for C.^ H.,„N„S„ (424.585): C, 73.55; H, 
26 20 2 2 
4.75; N, 6.60; found C, 73.43, 73.25; H, 4.79, 4.86; N, 6.42, 6.47. 
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C H A P T E R III 
SYNTHESIS AND REACTIONS OF α-ΟΧΟ SULFINES 
3.1. ABSTRACT 
The reaction of some α-methylene ketones 1_ with thionyl chloride leads 
to α-οχο sulfines 2^ provided the ketone is sufficiently enolized. The 
reaction of tnmethylsilyl enol ethers 5^  with thionyl chloride is a more 
efficient and versatile method for the synthesis of α-οχο sulfines 2^ The 
isolation of 2 is only possible if they crystallize from the reaction 
mixture. If this is not the case sulfines 2^  are entrapped by cycloaddition 
reaction with 2,3-dimethyl-l,3-butadiene. Sulfines 2 can also serve as diene 
component in Diels-Alder reactions with electron rich alkenes, e.g. ethyl 
vinyl ether. 
3.2. INTRODUCTION 
As outlined in the introductory chapter (section 1.1.) several synthetic 
pathways for the preparation of sulfines are available. The dehydrohalogenat-
lon of sulfinyl chlorides is an attractive method (see Chapter I, section 
1.1., scheme 1.4) were it not that its scope is virtually limited to a few 
diarylsulfines1'2 and some mono-3 and dialkylsulfines11. Suitable sulfinyl 
chlorides for functionalized sulfines are difficult to obtain if at all. The 
possibility of preparing such sulfinyl chlorides from active methylene 
compounds is frequently considered in the literature but met with limited 
success. As is apparent from the recent review by Oka the course of the 
reaction of thionyl chloride with various methylene compounds is strongly 
dependent on the nature of the starting material, the reaction conditions, 
and the ratio of reagent and substrate used. 
The isolation of B-oxosulfinyl chlorides has only been reported as the 
products obtained from α-methine ketones and thionyl chloride. For instance, 
the reaction of isopropyl ketones with thionyl chloride afforded some 
fairly stable sulfinyl chlorides6 (scheme 3.1). 
fl , soci2 о СНз 
R—С—СН(СНз)2 — R — с — c - s o - c i 
CH3 
R = СНз , 1-C3H7. С6Н5 , 1-naphthyl 
scheme 3.1 
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These substrates are obviously not suitable for the synthesis of sulfines 
since no α-hydrogen atoms are present. 
In many cases, however, fJ-oxosulfinyl chlorides are assumed to be the 
initially formed intermediates in the reaction of active methylene compounds 
and thionyl chloride which undergo a variety of further reactions. Such 
reactions will be briefly discussed in the following. 
In a few isolated examples sulfines were reported as the products from 
these reactions. 9-0xo-10-acridanacetic acid reacts with an excess of 
thionyl chloride to give a stable sulfinyl chloride7 (scheme 3.2). Subsequent 
treatment with methanol yielded the stable sulfine. 
CH2C00H 
. Ν γ ^ S0CI2 
CI- i 
С 
N L - ^ CH3OH 
CI 
O S ^ ^СООСНэ 
î 
scheme 3.2 
Faull and Hull9 claimed the conversion of ethyl 2-anilino-4-oxo-4,5-dihydro-
thiophene 3-carboxylate Ua) into the sulfine 2a (scheme 3.3). The attempt 
to perform the same reaction with _lb gave an olefin as the isolated product 
(for a further discussion of these reactions, see section 3.3.1.). 
EtOOCv - 0 EtOOC. ^ ( 
i n i l x C O O E t 
l>C00Et soci: 
l i l i B.Ph 
I2b) I.COOEt 
E,00t ° 1 « , 
ЕГ00С-ИИ—( > = < \ _ ЦН­
И И — COOEt 
scheme 3.3 
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Very recently Black, et at. described the reaction of 4-methyl-4-nitro-l-
phenylpentan-1-one with an excess of thionyl chloride. Instead of the 
anticipated ct-chlorosulfenyl chloride (see scheme 3.6) they isolated an 
α-οχο sulfine. The suggested mechanism is depicted in scheme 3.4. The authors 
assume this reaction to be selective for unhindered γ-nitro ketones and that 
a neighbouring effect of the nitro substituent plays an essential role. The 





A related reaction was found when phenylacetonitrile was treated with thionyl 
chloride9. Cyano phenylsulfine was obtained in low yield, accompanied by 
an olefin and a sulfenyl chloride (scheme 3.5). 
C * 0 









н 5 — ç — c i + 
CN 
Сб^\ _ / C 6 H 5 
NC' NCN 
scheme 3.5 
Active methylene compounds which contain no hydrogen atom at the α'-carbon 
atom give a-chlorosulfenyl chlorides in the presence of catalytic amounts 
of pyridine 5' 1 0 - 1 5 (scheme 3.6). 
; /CH 2 
SOCI2 
R2' 
R1 = CO, CN 
R 2: H.Qlkyl.aryl. CO 
R 1^ /S—CI 
R2/\CI 
scheme 3.6 
The sequence of events leading to these products is depicted in scheme 3.7. 
A Pummerer-type rearrangement of the initially formed sulfinyl chloride is 
proposed to be the most probable reaction pathway ' 1 6 (pathway A) . The 
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possibility that sulfines function as intermediates 5.is (pathway B) can be 
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CI9 S — C l 
Ac, 
scheme 3.7 
VJhen e.g. acetophenone is allowed to react with an excess of thionyl chloride 
in the presence of a catalytic amount of pyridine a mixture of am o-chloro-
sulfenyl chloride and a trisulfide is isolated11'12 (scheme 3.8). Inter-
conversion of these two species probably proceeds via a thioacyl chloride. 
Both compounds can be further converted into an α-οχο thioamide by treat­
ment with dimethylamine. 
0 S 
II II 




0 S — C I 0 Cl Cl 0 
II I II Τ , , I II 






Н 5 — С — С — М ( С Н з ) 2 
scheme З. 
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When two equivalents of acetophenone were treated with one equivalent of 
thionyl chloride an a-chlorosulfide was produced (scheme 3.9). A sulfinyl 
chloride and a sulfoxide were proposed to be the intermediates for this 
reaction. 
2 С б Н 5 — С — СНз + S0CI2 
0 Cl О 
Il I II 
C 6 H 5 - C - C H - S - C H 2 - C - C 6 H 5 
scheme 3.9 
A variety of 3-aryl substituted propanoic acid and cinnamic acid 
derivatives react with an excess of thionyl chloride in the presence of 





3.3. RESULTS AW DISCUSSION 
3.3.1. Sulfines from 3-oxo-dihydrothiophenes and thionyl chloride 
As indicated in chapter I, section 1.4. sulfines with an α-οχο substituent 
hardly received attention in the literature. 7' 8 For that reason the 
conmunication of Faull and Hull caught our interest as these authors claim 
Etooc 
t NH 
l i j I R.Ph 







EtOOC^ ^ 0 .-? 




the conversion of thiophene ^a into the sulfine 2a on reaction with thionyl 
chloride (see also this chapter section 3.2., scheme 3.3). 
The structure of 2a was only based on a correct elemental analysis and the 
infrared absorptions at 1085 and 1010 cm which were attributed to the 
C=S0 function. A satisfactory H-NMR spectrum of 2a could not be obtained. 
The reaction was repeated and in order to ascertain the sulfine structure 
the product was subjected to a typical sulfine reaction , viz. the cyclo­
addition reaction with an appropriate 1,3-diene23 to give the thiapyran 3a 
(scheme 3.11) . The structure of 3a was unambiguously established by an 
X-Ray diffraction analysis*»21* (figure 1) . 
figure 1: A view of the molecular structure of ^ a. Hydrogen atoms are 
omitted for clarity. 
Note that of the adduct only one diastereomer, viz. 3a was obtained, no 
trace of the Z-isomer was detected. As the cycloaddition is a stereospecific 
process ' this means that sulfine 2a. has the Ε-geometry. Faull and Hull 
also described the reaction of the thiophene ^b with thionyl chloride 
(see scheme 3.3). Instead of the anticipated sulfine 2b they isolated an 
alkene. Possibly, this product is formed via a sulfine intermediate. We 
decided to repeat this reaction of ^ Ь with thionyl chloride in the presence 
of 2,3-dimethyl-l,3-butadiene as the sulfine trapping agent. We obtained 
the desired cycloadduct ^Ь as a mixture of diastereomers (scheme 3.11). 
*We thank the Department of Crystallography of our University for performing 
the X-Ray diffraction analysis. 
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These diastereomers clearly arise from the corresponding mixture of E- and 
Z-sulfine 2b. 
The sulfine function in 2a, like that m sulphonyl-substituted sulfines 
is readily hydrolysed to starting material, the dihydrothiophene ^ _a (scheme 
3.12). This behavior is fully in accordance with the general observation that 
EtOOCvxP
 β
 EtOOCv ,? 
V f H8(silicogel) V f 
H 5C 6—NH-^s^SO H 5C 6—NH^-S^ 
scheme 3.12 ¿Q lo 
suifmes bearing a strong electron withdrawing group are very sensitive 
towards hydrolysis22 (scheme 3.13). The α-οχο sulfine described by Ning 
s
 H-,0 ι H Η 
и ^ U H ^ y ; 
EWG^^R or other EWG-/'^-H .
 s o EWG^^F 
nucleophiles 
scheme 3.13 
et at. was also readily hydrolysed to the methylene compound. 
In a similar fashion the methylene function in 3-oxo-2,3-dihydrobenzo[b] 
thiophene (J^ c) reacted smoothly with thionyl chloride in diethyl ether to 
afford sulfine 2c (scheme 3.14). The sulfine 2c itself crystallized out of 
the reaction mixture in 67% yield. Cycloaddition with 2,3-dimethyl-l,3-




> i ^ i * 
Y 
2c 3d / \ 
The first step in the formation of sulfines from active α-methylene 
ketones and thionyl chloride probably is C-sulfinylation at the α-carbon 
atom to give 0-oxosulfinyl chlorides A_ (scheme 3.15). These notoriously 
unstable compounds then undergo a spontaneously dehydrohalogenation to the 
sulfines 2^ For some well enolized ketones no base is needed in this 
sequence. However, for less enolizable ketones the presence of a base, e.g. 





-сн 2-^ '%«-> " ^ Г — ^н-^-с. -не. - -
C Y S ^ 
ί 4 1 
scheme 3.15 
The ketone substrate Ik, which as the 3-oxo-dihydrothiophenes has a methylene 
function flanked by a thioether and a carbonyl group does not react with 
thionyl chloride in the absence of a base. However, by using triethylamine 
o-oxo sulfine _lk could be isolated as its cycloadduct 3k albeit in only 24% 
yield (scheme 3.16, see also section 3.3.2., table II). 
Й S0Cl2/NEt3 j} f 
С
б
Н 5— С — CHjSCeHs С бН5—С— С—SC 6H 5 
χ 
Ík ¿к 
TX с 6 н 5 со 
C 6 H 5 S 
Зк 
scheme 3.16 
In a similar fashion Id was converted into the sulfine 2d by reaction with 
thionyl chloride/2,б-lutidine (scheme 3.17). The isolation of 2d itself was 
not possible as it does not crystallize out like sulfine 2c. The cycloadduct 
3d was obtained in 55% yield. 
SOCI2 /, Ä ¿fsJl X 0^ S v •• Id 02 02 
Id ¿d 
scheme 3.17 
The scope of the synthesis of α-οχο sulfines directly from α-methylene 
ketones is very limited, however. For instance, acetophenone and l-indanone 
fail to produce the corresponding sulfines upon treatment with thionyl 
chloride and triethylamine. 
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3.3.2. Sutfines from silyl enol ethers and thionyl chloride 
As is apparent from the preceding section well enolized ketones, such 
as the 3-oxo-dihydrothiophenes ^a and c, are easily converted into α-οχο 
suif m e s upon treatment with thionyl chloride. Less enolized methylene 
ketones, on the other hand, give only modest yields of (trapped) sulfines 
or fail to react at all. These results strongly suggest that the presence 
of the enol form of an α-methylene ketone is of utmost importance for the 
reaction with thionyl chloride leading to α-οχο sulfines 2^ Therefore, it 
was decided to consolidate the enol structure of a methylene ketone through 
the trimethylsilyl enol ether j[. Gratifyingly, a variety of silyl enol 
ethers react with thionyl chloride to produce α-οχο sulfines 2^  (scheme 3.1Θ) 
which can be either isolated or entrapped by cycloaddition reaction with 
2,3-dimethyl-1,3-butadiene (see table I and II). 
? S , M e 3ii ci о о 
I Ц / а II 0 II 
scheme 3.1Θ 
The first step m this sequence is the formation of ß-oxosulfmyl chlorides 
4^  under elimination of trimethylsilyl chloride. Subsequent dehydrohalogenat-
lon, as before, then gives the sulfines 2_. In some cases, e.g. l-tnmethyl-
silyloxy-1-indene (5e), the sulfine itself crystallizes out within a few 
minutes (scheme 3.19, table I). In the same manner the silyl enol ether 5f 











Table I: Synthesis of α-οχο suif m e s and/or their cycloadducts with 2,3-di-
methyl-l.S-butadiene from silyl enol ethers jj. 
Starting Sulfine Yield Cycloadduct with 2,3-di- Yield 
material (%) methyl-1,3-butadiene (%) 
Зе 75 b 
3f 66 b 
5e, X=CH2 







a 3g 70 
Sulfine could not be isolated. One-pot procedure was used. 
The presence of a base is not required in the above cases in spite of the 
fact that the elements of HCl are released. Probably, here the silyl enol 
ether serves, partly at least, as HCl scavanger. As a consequence the 
yields of sulfines will only be moderate. By contrast, when the sulfines 
are generated in the presence of 2,3-dimethyl-l,3-butadiene good yields of 
the expected cycloadducts can only be obtained provided an efficient HCl 
trap is added to the reaction mixture. It was found that 2,6-lutidine is 
the base of choice. For instance, when 2-trimethylsilyloxy-l-indene (5h) 
was treated with thionyl chloride and 2,6-lutidine in the presence of 
2,3-dimethyl-l,3-butadiene the cycloadduct 3h was isolated in 89% yield 
(scheme 3.20). However, no 3h could be detected at all when tnethylamine 
was used as base. 
0 
0 > -да-CO— § - Û > — 
Ih 5h 2h 
scheme 3.20 
The use of more than one equivalent of base does not improve the yields of 
the cycloadducts 3^. Attempts to promote the reaction with Lewis acids26, 
such as ZnCl2, ^ 8^ t o a s lg n lf i c a n tly decreased yield of 3^ probably due to 
the sensitivity of the sulfines 3^  towards released HCl. 
The synthesis of α-οχο sulfines derived from some esters and acyclic 
ketones through the corresponding silyl enol ethers was also investigated. 
In none of the cases the desired sulfines crystallized from the reaction 
mixture. Therefore, the sulfines were converted in situ into the cyclo-
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adducts with 2,3-dimethyl-l,3-butadiene. The results are compiled in 
table II. In all cases listed 2,6-lutid:Lne was used as the base (for two 
exceptions see table). The temperature at which the reaction is carried out 
is particularly essential in the case of acetophenone (see sllyl enol ether 
jjn, table II) . At room temperature a low yield of cycloadduct 3n was 
obtained while at -780C the result was quite satisfactory. For comparison, 
diethyl malonate, having an appreciably reactive methylene function, was 
subjected to direct treatment with thionyl chloride in the presence of 
2/3-dimethyl-l,3-butadiene. The cycloadduct 3i was obtained in 23% yield, 
which compares nicely with the 53% obtained ига the silyl enol ether. 
Furthermore, three ketones, viz. dimedone, cyclohexanone and camphor 
were considered. Through their silyl enol ethers the cycloadducts of the 
corresponding а-охо sulfines were isolated (table II, entries ^t, u and v ) . 
The dihydrothiapyranes 3n-s were obtained as a mixture of diastereomers, 
most probably arising from E- and Z-benzoylsulfines 2n-s. The diastereomers 
_3o-r could be separated by careful crystallization. No E- to Z-isomenzat-
lon of cycloadducts _3 was observed upon treatment with pyridine (20oC, 2 h) . 
The structure of E- and Z-isomers was tentatively deduced from the chemical 
η 3 
shift and coupling constants of the protons at C ¿ and С (CO-CH-CH ) (see 
figure 2). The relative configuration of the substituents at the 1- and 2-
A r
-S 
figure 2: E-isomer of the cycloadducts 3n-s. 
position can be established by assuming that the inductive and deshielding 
effect of the sulfoxide function on the proton at the 2-position is larger 
in the S-isomer than in the Z-isomer and consequently this proton absorbs 
at lower field (4.72-4.93 ppm). The spacial arrangement of the protons at 
the 2- and 3-position can be deduced from the vicinal coupling constants. 
Inspection of molecular models reveals that two similar dihedral angles 
(approx. 60°) in the E-isomer would lead to a triplet and a doublet for the 
COCHCH- group with J = 6.8-7.2 Hz. In the Z-isomer a high (approx. 150°) and 
a small (60°) dihedral angle result in a double doublet for the methine 
proton at С with J = 10.2-10.5 Hz and J = 4.2-4.θ Hz. The benzoyl group in 
this isomer deshields one proton of the vicinal methylene group giving 
rise to a gemmai coupling. Since these protons are also coupled with the 
2 
methine proton at С this explains the rather indistinct signal of the 
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Table II: Synthesis of α-οχο sulfines and their cycloadducts with 2,3-dimethyl-
1,3-butadiene from active methylene compounds J_ and enol silyl ethers 5^. 
, . _ / R1—c: \ CH2—R2 
OSiMe·, 























































































































































2,6-Lutidine was used as base unless stated otherwise. 
Triethylamine was used as base. 
4-Dimethylaminopyridine was used as base. 
'Obtained as a mixture of diastereomers. 
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methylene protons at C J in the Z-isomer. 
An interesting Pummerer rearrangement was observed when the dihydro-
thiapyranes J3n-s were heated in the presence of a catalytic amount of acid. 
Heating of e.g. Уг with p-toluenesulfonic acid produced (j in 82% yield 
(scheme 3.21). This rearrangement is most probably also responsible for the 
long melting ranges of the dihydrothiapyranes 2ji-s (see experimental) . 
0 
K
 H II 
0 
5r R1 = 2-naphthyl 6 
scheme 3.21 
3.3.3. Cyoloaddition reactions of a-oxo sul fines 
As shown in the preceding sections a-oxo sulfines are usually trapped 
by the Diels-Alder reaction with 2,3-dimethyl-l,3-butadiene to produce 
dihydrothiapyrane S-oxides. α-Οχο suifines are also able to undergo cyclo­
addition reactions with other dienes. For example, the stable sulfine 2e 
reacts with cyclohexadiene and anthracene in a Diels-Alder fashion to give 
the cycloadducts _7 and 8^  in good yields (scheme 3.22) . Cycloadduct £ 
turned out to be unstable but was unequivocally characterized by spectros­
copic means (see experimental). 
scheme 3.22 
An interesting aspect of this type of sulfines is that they can also 
serve as diene component in cycloaddition reactions with electronrich 
olefins like ethyl vinyl ether. Thus, the stable a-oxo sulfines 2c and 2e 
react smoothly with ethyl vinyl ether to give the heterocycles 9^  and 10 
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(scheme 3.23). The cycloadduct 9^ was a mixture of diastereomers. Only one 
diastereomer (10a) was found upon reaction with 2e, however on standing in 
CDCl, (7 d, 5°C) 10b was formed. No structural assignment (E1 or Z) could be 
made for the configuration of the diastereomers 9a,b and 10a,b, respectively. 
0 ^ 
i 0 C 2 H 5 
^\ - ^ - о^; o>rH5 
2 c : X = S 9a.b 11 
2 e . X = CH2 10a. b 
scheme 3.23 
For an unambiguous proof of the regiochemistry of this cycloaddition 10a 
was oxidized to the corresponding sulfone (scheme 3.24). The H-NMR spect 







almost the same position as in the starting sulfoxide (5.67 ppm). This 
observation can only be explained by assuming structure 10^ to the cyclo­
adduct. If the regioisomer 11^ had been formed the oxidation would have 
affected the chemical shift of the methine proton to a considerable extend. 
Moreover, the change of position of the methylene protons adjacent to the 
sulfoxide upon oxidation (3.23 ->• 3.47 ppm) is in full accordance with the 
proposed structure 10. 
3.4. EXPERIMENTAL SECTION 
Melting points were determined on a Reichert hot stage microscope and 
are uncorrected. H-NMR spectra were recorded on a Varían E-390 spectro-
meter with Me.Si as internal standard. IR spectra were recorded on a 
Perkin-Elmer 298 infrared spectrophotometer. Elemental analyses were 
performed by J. Diersmann (Micro Analytical Department of our University). 
Mass spectra were obtained with a VG 7070 mass spectrometer. Dichloro-
methane was dried with P„0.,„ and distilled from K_C0,. 3-oxo-2,3-dihydro-
4 10 2 3 •· 
benzo[b]thiophene , 3-oxo-2,3-dihydrobenzo[b]thiophene-1,1-dioxide2 β , 
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2 9 3 0 
and the trimethylsilyl enol ethers of 1-indanone , a-tetralone , 
4-chromanone30, 2-indanone30, diethyl malonate30, methyl phenylacetate , 
acetophenone , dimedone , and d-camphor were prepared as described in 
the literature. Thionyl chloride was distilled from triphenyl phosphite. 
l-Phenyl-l-tr-imethylsi-lyloxy-S-phenylsulfonylethene 51 
A solution of a-(phenylsulfonyl)acetophenone (2.6 g, 10 mmol) in dry 
THF (15 ml) was added at -780C to lithium diisopropylamide (10 mmol) in 
THF (40 ml) and was stirred for 30 min. Chloro trimethylsilane (3 ml) was 
added at -78"C. After stirring for 1 h at room temperature the solvent was 
removed in vacuo. The residue was extracted with ether, the combined 
extracts filtered, and concentrated to give j>l as a faint white powder 
containing 25% of starting ketone. ^-NMR (CDC1 ) : δ 0.33 (s, 9H, SiMe3) , 
6.10 (s, IH, C=CH) , 7.34-7.56 and 7.90-8.07 (m, Ю Н , aromat.). 
The trimethylsilyl enol ethers of substituted acetophenones 5o-s were all 
prepared following the procedure described for the unsubstituted case 3 1 
(no., yield, b.p., H-NMR (CDCI3): 5o, 86%, 79-81oC/2.0 mm, δ 0.23 (s, 9H, 
SiMe 3), 2.27 (s, ЗН, СН,), 4.20 (d, IH, J = 1.5 Hz, C=CH), 4.67 (d, IH, 
J = 1.5 HZ, C=CH) , 6.93 and 7.27 (ABq, 4H, e/ = 7.8 Hz, aromat.),· 5p' 83%, 
81-830C/1.0 mm, δ 0.23 (s, 9H, SiMeO , 3.70 (s, ЗН, СН3) , 4.17 (d, IH, 
J = 1.7 Hz, C=CH), 4.64 (d, IH, J = 1.7 Hz, C=CH), 6.64 and 7.34 (ABq, 4H, 
J = 8.9 Hz, aromat.),- _5q, 23%, 98-102oC/3.6 mm, δ 0.25 (s, 9H, SiMe ) , 
4.30 (d, IH, J = 1.8 Hz, C=CH), 4.77 (d, IH, J = 1.8 Hz, C=CH), 7.14 and 
7.39 (ABq, 4Н, J = 8.40 Hz, aromat.); 5r, decomposed upon heating, crude 
product was used, δ 0.30 (s, 9H, SiMe,), 4.39 (d, IH, J = 1.8 Hz, C=CH), 
4.90 (d, IH, J = 1.8 Hz, C=CH), 7.24-7.84 (m, 7Η, aromat.); 5s, 41%, 
49-52oC/0.6 mm, δ 0.13 (s, 9H, SiMe 3), 2.45 (s, ЗН, CH 3), 4.28 (s, IH, 
C=CH), 4.40 (s, IH, C=CH), 6.94-7.16 (m, 4H, aromat.). 
2, Z-Dihydro-S-oxo-4-ethoxyaarbcmyl-S-anilinothi<yphene-2-spiro-2 '-3 ',6 '-di-
hydro-4 ',5 '-dimethyl-2 'H-thiapyran-l '-oxide За 
A solution of sulfine 2а (0.31 g, 1 mmol) and 2,3-dimethyl-l,3-butadiene 
(1 ml) in dichloromethane (10 ml) was stirred for 1 h at room temperature. 
The solvent was evaporated and the crude product purified by flash column 
chromatography on silica gel using light petroleum-ethyl acetate (1:4) to 
give 2a (0.29 g, 59%) as colourless crystals,- m.p. 200-202° (toluene) ; 
IR (KBr) : 3160 (NH) , 1665 (C=0) , and 1070 (S=0) ; ^ -NMR (CDC1 ) : δ 1.37 (t, 
3H, J = 7.5 Hz, CH CH ) , 1.63 (s, 6H, CH 3), 2.12-3.68 (m, 4H, CH 2), 4.29 (q, 
2H, J = 7.5 Hz, ОСН.,) , 7.36 (s, 5H, aromat.). Anal, caled, for С H NO.S„ 
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(491.508): С, 58.29; H, 5.41; Ν, 3.58; found С, 58.21, 58.08; Η, 5.35, 5.33; 
Ν, 3.56, 3.38. 
2, S-Dihydro-S-oxo^-ethoxyaarbonyl-S-ethoxyaarbonylaminothiophene-S-spiPO-
Σ'-3',6 '-dihydro-4 ',5'-dimethyl-2 'H-thiapyran-1 '-oxide 3b 
To a solution of thiophene lb (1.30 g, 5 mmol) and 2,3-dimethyl-l,3-
butadiene (2 ml) in dichloromethane (20 ml) thionyl chloride (0.60 g, 5 mmol) 
in dichloromethane (5 ml) was added dropwise at room temperature. After 
stirring for 12 h the solvent was removed in vacuo and the residue chroma-
tographed on silica gel using light petroleum-ethyl acetate (2:3) to give 
first the ff-isomer of 3b (0.86 g, 45%) as colourless crystals; m.p. 136-138° 
(toluene); IR (KBr): 3140 (NH), 1740, 1675, 1650 (C=0), and 1065 (S=0) cm"1; 
^-NMR (CDCl3) : S 1.37 (t, 6H, J = 7.2 Hz, CH CH ) , 1.74 (br.s, 6H, CH3) ; 
2.52-3.90 (m, 4H, CH2) , 4.30 (2q, 4H, 0CH2) . Anal, caled, for CjgH^NO^ 
(387.473): C, 49.60; H, 5.46; N, 3.61,- found C, 49.86, 49.91; H, 5.44, 5.48; 
N, 3.59, 3.62. Further elution gave the Z-isomer (0.23 g, 12%); m.p. 
160-165° (light petroleum-toluene); IR (KBr): 3140 (NH), 1740, 1690, 1650 
(C=0) , and 1070 (S=0) ; 1H-NMR (CDCl3) : 6 1.35 (t, 6H, J = 6.9 Hz, CH^Hj) , 
1.77 (br.s, 6H, CH 3), 2.10-2.30 and 3.17-3.64 (m, 4H, CH 2), 4.30 (q, 4H, 
J = 6.9 Hz, ОСН.). Anal, caled, for C,
c
H„,N0,S„ (387.473): C, 49.60; H, 5.46; 
Ν, 3.61; found С, 49.93, 50.05; Η, 5.49, 5.47; Ν, 3.62, 3.61. 
B-Thioxo-3-oxo-2,3-dihydro-benzo[b]thiophene S_-oxide 2c 
To a solution of 3-oxo-2,3-dihydro-benzo [bjthiophene ^ c (0.75 g, 5 mmol) 
in diethyl ether (8 ml) thionyl chloride (0.60 g, 5 mmol) was added at room 
temperature. The sulfine 2c crystallized on standing. The reaction mixture 
was kept for 1 h at 5°C to complete the crystallization, and was filtered 
to give 2c (0.66 g, 67%) as red crystals; m.p. 180° (decomp.); IR (KBr): 
1660 (C=0) and 1020, 1010 (S=0) cm"1; MS: m/e 196 (M+), 180, 178, 152, 140, 
136, 120, 108 and 104. Anal, caled, for C
o
H.0„S„ (196.246): C, 48.96; 
о 4 Ζ 2. 
Η, 2.05; found С, 49.18, 49.07; Η, 2.01, 2.01. 
2, Z-Oïhydro-Z-oxo-benzo [b]thiophene-2-spiro-2 '-3 ', 6 '-dihydro-4 ', 5 '-dimethyl-
2 'H-thiapyran-1 '-oxide _3c 
A solution of sulfine 2c (0.1 g, 0.5 mmol) and 2,3-dimethyl-l,3-butadiene 
(0.5 ml) in dichloromethane (2 ml) was allowed to react for 12 h at room 
temperature. The solvent was removed and the crude product was purified by 
flash column chromatography on silica gel using light petroleum-ethyl acetate 
(3:2) to give 3c (0.12 g, 86%) as colourless crystals; m.p. 169-170° (toluene); 
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IR (KBr) : 1690 (C=0) and 1065 (S=0) cm" ; ^ -NMR (CDC13) : 6 1.72 (s, 6H, 
CH3) , 2.42-3.57 (m, 4H, CH 2), 7.07-7.76 (m, 4H, aromat.). Anal, caled, for 
С, „H, ,,0„S„ (278.392): С, 60.40; H, 5.07; found С, 60.54, 60.63; H, 5.00, 5.02. 14 14 2 2 
f 
l-0xo-2-thioxo-indane fr-oxide 2e 
То a solution of l-trimethylsilyloxy-l-mdene j>e (2.06 g, 10 mmol) in 
light petroleum (20 ml) thionyl chloride (1.66 g, 14 mmol) was added at 
room temperature. The sulfine was filtered off after 5 min and recrystallized 
from benzene-light petroleum to give 2c (0.85 g, 48%) as yellow needles; 
m.p. 130° (decomp.); IR (KBr). 1675 (C=0) and 1090 (S=0) cm" ; ^-NMR 
(CDC13): δ 4.17 (s, 2H, CH 2), 7.36-7.80 (m, 4H, aromat.). Anal, caled, for 
C
o
H,0-S (178.209): С, 60.66; H, 3.39; found С, 61.04, 61.06; H, 3.40, 3.41. 
3,4-lKhydro-l(BH)-naphthalenon-2-thi.on Sj-oxide 2f 
The procedure given for 2e was followed. Starting from 1-trimethylsllyl-
oxy-3,4-dihydro-l-naphthalene 5t (2.18 g, 10 mmol) 0.63 g (33%) of 2f was 
obtained as yellow crystals; m.p. 98-99° (light petroleum-benzene); IR (KBr): 
1735 (C=0) and 1100 (S=0) cm" ; ^ -NMR (CDCI3) : δ 3.0 (m, 2H, CH2) , 3.33 
(m, 2H, CH,), 7.14-7.47 (m, 3H, aromat.), 7.97 (d, IH, J = 6.6 Hz, aromat.). 
Anal, caled, for С HgO^ (192.236): C, 62.48; H, 4.19; found С, 62.71, 
62.49; H, 4.13, 4.16. 
General procedure for thiapyran-l-oxides 3d,i,)c from active methylene compounc 
To a solution of ketone (5 mmol) or diethyl malonate, respectively, base 
(10 mmol; see table II), and 2,3-dimethyl-1,3-butadiene (4-5 ml) in dry 
CH-C1„ (20 ml) thionyl chloride (5 mmol) was added and the reaction mixture 
was stirred at the temperatures and for the period indicated m the table. 
The reaction mixture was washed twice with water, dried (MgSO.) and the 
solvent was removed in Vacuo. The resulting crude product was purified by 
flash column chromatography (silica gel 60 H, Merck, light petroleum/ethyl 
acetate) and recrystallized from light petroleum/toluene. 
2,3-Dihydro-3-oxobenzo[b]thiophene-l,l-dioxide-2-spiro-2'-3',6'-dihydro-
4 ',S '-dimethy 1-2 'E-thiapyran-1 '-oxide 3d: stirred at 0CC for 1 h; chromato-
graphed using light petroleum-ethyl acetate (2:3); m.p. 197<,C (decomp.); 
IR (KBr): 1710 (C=0) , 1310, 1145 (SOj) and 1065 (S=0) cm"1; ^ -NMR (CDC1 ) : 
δ 1.81 (s, 6H, CH 3), 2.94 (s, 2Н, SOCH 2), 3.74 and 4.47 (ABq, 2H, J = 16.5 
Hz, CH,), 7.74-8.07 (m, 4Н, aromat.). Anal, caled, for С, .H, .O.S.,: С, 54.18,-Δ
 14 14 4 2 
H, 4.55; found С, 54.15, 54.20; H, 4.50, 4.48. 
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2,2-Bis(ethoxycarbonyl)-3,6-dihydro-4,S-dimethyl-BH-thiapyran-l-oxide ¿i: 
chromatographed using light petroleum-ethyl acetate (2:3); oil; MS (chemical 
ionization) m/e 289 (M++l, 100), 166 (6); IR (neat): 1720 (C=0) and 1050 
(S=0) cm"1; 1H-NMR (CDC13): δ 1.23, 1.30 (t, 6H, OEt), 1.70, 1.78 (s, 6H, 
CH3C=CCH3), 2.55-3.70 (m, 4H, CH2), 4.27 (q, 4H, OEt). Caled, for C 1 3H 2 0O 5S 
(M+l), m/e 298.1110; found m/e 289.1110. 
2-Benzoyl-2-phenylthio-3,6-dihydro-4,5-dirnethyl-2H-thiapyran-l-oxide 3k: 
chromatographed using light petroleum-ethyl acetate (1:1); m.p. 116',C; 
MS m/e 356 (M+), 338, 308, 247, 228, 215, 199; IR (KBr): 1650 (C=0) and 
1050 (S=0) cm"1; 1H-NMR (CDC13): δ 1.23 (s, 3H, CH 3), 1.50 (s, ЗН, CH 3), 
1.80-3.33 (m, 4H, CH ) , 7.14-8.02 (m, ЮН, aromat.). Anal, caled, for 
С H 0 S : С, 67.38; H, 5.65,- found С, 67.09, 67.18; H, 5.66, 5.61. 
General procedure for thiapyran-l-oxides 3e-jil-v from silyl enol ethers 
To a solution of trimethylsilyl enol ether (5 mmol), base (5 mmol, see 
table II), and 2,3-dimethyl-l,3-butadiene (4-5 ml) in dry CH CI (20 ml) 
thionyl chloride (5 mmol) was added and the reaction mixture was stirred at 
the temperatures and for the period indicated in table II. The reaction 
mixture was washed twice with water. The water layers were extracted once 
with CH.C1_ (10 ml). The combined organic layers were washed with 5% NaHCO-
(20 ml), dried (MgSO.) and concentrated in vacuo. The crude product was 
purified by flash column chromatography (silica gel 60 H, Merck, light 
petroleum-ethyl acetate) and was recrystallized from light petroleum-toluene. 
l-Oxo-indane-2-spiro-2'-3 ',6 '-dihydro-4',5'-dbmethyl-2 'H-thiapyran-l'-
oxide 3_e: stirred at 0oC for 2 h; chromatographed using light petroleum-
ethyl acetate (1:1); m.p. 154-1560 (toluene); IR (KBr): 1705 (C=0) and 1040 
(S=0) cm" ; ^ -NMR (CDC13) : δ 1.63 and 1.72 (2s, 6H, CH3) , 2.04-3.94 (m, 6H, 
CH 2), 7.2-7.7 (m, 4H, aromat.). Anal, caled, for CirH.gO.S (260.355): 
C, 69.20; H, 6.19; found C, 69.33, 69.01; H, 6.19, 6.24. 
l-Oxo-3,4-dihydro-2H-naphthalene-2-spiro-2 '-3 ',6 '-dihydro-4 ',5 '-dimethyl-
2 'H-thiapyran-l '-oxide 3f·. stirred at 0oc for 2 h; chromatographed using 
light petroleum-ethyl acetate (1:9); m.p. 138-142" (light petroleum-toluene); 
IR (KBr): 1650 (C=0) and 1040 (S=0) cm"1; ^-NMR (CDC13) : δ 1.73 (s, 6H, CH ) , 
2.2-3.5 (m, 8H, CH.), 7.15-7.5 (m, 4H, aromat.). Anal, caled. forC,
c
H,00_S 
^ lo lo 2 
(274.382): C, 70.04; H, 6.61; found С, 70.27, 70.09; H, 6.63, 6.71. 
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2,3-Dihydro-4-oxo-benzopyran-3-spiro-2 '-3 ',6 '-dihydro-4 ',5 '-dimethyl-2 'H-
thiapyran-l'-oxicle 3g: stirred at 0oC for 3 h; chromatographed using light 
petroleum-ethyl acetate (2:3); m.p. 159-164° (light petroleum-toluene); 
IR (KBr) : 1670 (C=0) and 1040 (S=0) cm"1; ^-NMR (CDC13) : δ 1.93 (s, 6H, 
CH ) , 2.30 (s, 2H, CH 2), 3.27 (s, 2H, CH SO), 4.37 and 4.81 (ABq, 2H, J = 
12.0 Hz, CH
o
0) , 6.9-7.9 (m, 4H, aromat.). Anal, caled, for С.
 c
H„0,S 
¿ IJ lb J 
(276.354): С, 65.19; Η, 5.84; found С, 65.27, 65.03; Η, 5.82, 5.84. 
2-0xo-indane-l-spiro-2 '-3',6 '-díhydro-4 ',5 '-dimethyl-È 'H-thiapyran-l '-
oxide Л : s t i r r e d a t 0oC for 3 h ; chromatographed us ing l i g h t petroleum-
ethyl a c e t a t e ( 1 : 9 ) ; m.p. 131.5-134° ( l i g h t p e t r o l e u m - t o l u e n e ) ; IR (KBr): 
1740 (C=0) and 1050 (S=0) cm" 1; ^-NMR (CDCIO : δ 1.75 and 1.80 (s, 6H, 
CH,) , 2.34-3.44 (m, 4H, CH.C^CH,) , 3.38 and 3.72 (ABq, 2H, J = 21.6 Hz, 
CH2CO), 7.34 (m, 4H, a r o m a t . ) . Anal, ca led, for С Η O S (260.355): 
С, 69.20; H, 6.19; found С, 69.23, 69.18; H, 6.22, 6 .15. 
2-Methoxyearbonyl-2-phenyl-3,6-dihydi>o-4,5-dimethyl-2H-thiapyran-l-oxide 2.J · 
chromatographed using l i g h t petroleum-ethyl a c e t a t e ( 3 : 7 ) ; IR (KBr): 1720 
(C=0) and 1040 (S=0) cm" ; H-NMR (CDC1 ) : δ 1.70, 1.77 ( s , 6H, CHACCHO , 
2.67-3.45 (m, 4H, CH 2), 3.67 (s , 3H, 0CH3), 7.36-7.47 (m, 5H, a r o m a t . ) . 
Anal. caled. 
6.54, 6.50. 
, , for C.
c
Tl,0O^S: C, 64.72; H, 6.52; found С, 64.43, 64.53; H, 
ІЭ lo J 
2-Benzoyl-2-phenylsulfcmyl-3,6-dihydro-4,S-dimethyl-2H-thiapyran-l-oxide 31 : 
chromatographed using l i g h t petroleum-ethyl a c e t a t e ( 3 : 7 ) ; m.p. 125°C; 
IR (KBr): 1645 (C=0) , 1330 and 1150 (SO ) and 1055 (S=0) cm" ; ^-NMR (CDC1,) 
δ 1.20, 1.33 and 1.52 (s , 6H, CHO, 2.55-4.0 (m, 2H, CH 2 ), 3.03 ( b r . s , 2H, 
CH2) , 7.3-8.1 (m, 10H, aromat.). Anal, caled, for
 C2oH2n04S2 ( 3 8 8· 5 0 4) ! 
С, 61.83,- Η, 5.19; found С, 61.39, 61.74; Η, 5.08, 4.96. 
2-Benzoyl-2-phenyl-3,6-dihydro-4,S-dimethyl-2H-thiapyran-l-oxide Зт: 
chromatographed using light petroleum-ethyl acetate (3:7); m.p. 139-1420C; 
IR (KBr): 1650 (C=0) and 1040 (S=0) cm" ; H-NMR (CDC1 ): δ 1.37 and 1.63 
(s, 6H, CH 3), 2.67 and 3.67 (ABq, 2H, J = 18 Hz, CH2), 3.0 and 3.57 (ABq, 
2H, J = 17.5 Hz, CH 2), 7.26-7.47 (m, 10H, aromat.). Anal, caled, for 
C20H20O2S ( 3 4 2 · 4 4 2 ) : c' 74·04; Η, 6.21; found С, 74.13, 74.12; Η, 6.27, 6.29. 
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2-ВепгоуІ-З,6-dihydro-4,5-dimethyl-2H-thiapyran-l-oxide 3η: chromatographed 
using light petroleum-ethyl acetate (1:5); only the Z-isomer could be 
obtained by fractional recrystallization (light petroleum-toluene); m.p. 
122-1270C; IR (KBr): 1670 (C=0) and 1025 (S=0) cm" ; spectral feature of 
the ff-isomer: ^ -NMR (CDC1,) : ó 1.70 (s, 6H, CH3) , 2.64 (d, 2H, J = 6.90 Hz, 
COCCH,), 3.47 (br.s, 2Н, SOCH,), 4.80 (t, IH, J = 6.90 Hz, СН), 7.40-7.60 
1 (m, 3Η, aromat.), 7.85-8.03 (m, 2H, aromat.); Z-isomer: H-NMR (CDCIO : 
6 1.72 (s, 6H, CH 3), 2.17-3.17 (m, 2H, COCCE2), 3.40 (br.s, 2H, S0CH 2), 
4.43 (dd, IH, J = 10.5 Hz and J = 4.20 Hz, CH), 7.44-7.60 (m, Зн, aromat.), 
7.86-7.97 (m, 2H, aromat.). Anal, of the Z-isomer caled, for α,.Η.,Ο,Β: 
С, 67.71; Η, 6.49; found С, 67.80, 67.55; Η, 6.45, 6.44. 
2-(4-Methylbenzoyl)-Z,6-dihydro-4,S-dimethyl-2H-thiapyran-l-oxide Зо: 
chromatographed using light petroleum-ethyl acetate (1:9); E- and Z-isomers 
separated by fractional recrystallization; IR (KBr): 1665 (C=0) and 1035 
(S=0) cm" ; tf-isomer: m.p. 90-92oC; ^-NMR (CDC1 ) : S 1.72 (s, 6H, 
CH3C=CCH3), 2.38 (s, ЗН, 4-CH3), 2.64 (d, 2H, J = 6.90 Hz, COCCHj), 3.47 
(br.s, 2H, SOCH 2), 4.74 (t, IH, J = 6.90 Hz, CH), 7.27 and 7.90 (ABq, 4H, 
J = 8.10 Hz, aromat.). Anal, caled, for C,CH.D0,S (262.371): C, 68.66; 
1Ь l o ¿ 
H, 6 . 9 2 ; found С, 6 8 . 7 1 , 6 8 . 8 5 ; H, 6 . 9 2 , 6 . 9 8 ; Z - i s o m e r : m . p . 152-161 0 C; 
^-NMR (CDClO : δ 1.77 ( s , 6H, CH C=CCH3) , 2 . 4 0 ( s , 3H, 4-CH3) , 2 . 9 4 - 3 . 2 6 
(m, 2H, COCCH 2), 3.37 (br.s, 2H, SOCH ), 4.40 (dd, ІН, J = 10.5 Hz and 
J = 4.5 Hz, CH), 7.24 and 7.77 (ABq, 4H, J = 8.10 Hz, aromat.). Anal, caled. 
for α,Η.
η
Ο-Ξ: С, 68.67; H, 6.92; found С, 68.86, 68.71; H, 6.98, 6.98. lb lo Ζ 
2-(4-Methoxybenzoyl)-S,6-dihydro-4, S-dimethyl-SH-thiapyvan-l-oxide Ур: 
c h r o m a t o g r a p h e d u s i n g l i g h t p e t r o l e u m - e t h y l a c e t a t e ( 1 : 9 ) ; E- and Z - i s o m e r s 
s e p a r a t e d by f r a c t i o n a l r e c r y s t a l l i z a t i o n ; IR ( K B r ) : 1650 (C=0) and 1040 
(S=0) cm" ; г - i s o m e r : m . p . 112-118 0 C; ^-NMR (CDC1J : 6 1.75 ( s , 6H, 
CH3C=CCH3), 2 . 6 4 (d, 2H, J = 6 .90 Hz, COCCH2), 3 .47 ( b r . s , 2H, SOCHO, 
3 .85 ( s , 3H, OCH 3 ) , 4 . 7 2 ( t , ІН, J = 6.90 Hz, CH), 6 .94 and 7.97 (ABq, 
4H, J - 8.70 Hz). Anal, caled, for C.Ju,
o
0~S: C, 64.72; H, 6.52; found C, 
1 э l o J 
6 4 . 9 3 , 6 4 . 7 5 ; H, 6 . 6 0 , 6 . 5 6 ; Z - i s o m e r : m . p . 1 3 3 - 1 4 8 0 C ; H-NMR ( C D C l O : 
á 1.75 ( s , 6H, CH3C=CCH3), 2 . 1 4 - 2 . 9 8 (m, 2H, COCCH2), 3 .37 ( b r . s , 2H, 
SOCH2) , 3 . 8 5 ( s , ЗН, OCH3) , 4 . 4 0 ( d d , IH, J = 10 .2 Hz and «7 = 4 . 8 0 Hz, CH) , 




0 , S : 
15 18 J 
C, 6 4 . 9 2 ; H, 6 . 5 2 ; found С, 6 4 . 9 3 , 6 4 . 7 5 ; H, 6 . 6 0 , 6 . 5 6 . 
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2-(4-Chlorobenzoyl)-3,6-dihyaro-4,5-dimethyl-2H-thiapyrcm-l-oxide Зц: 
chromatographed using light petroleum-ethyl acetate (3:7); E- and Z-isomers 
separated by fractional recrystallization; IR (KBr): 1670 (C=0) and 1040 
(5=0); E-isomer: m.p. 112-1170C,· ^-NMR (CDC13) : δ 1.75 (s, 6H, CH-j) , 2.65 
(d, 2H, J = 7.20 Hz, COCCH2), 3.50 (br.s, 2H, SOCH 2), 4.72 (t, IH, J = 7.20 
Hz, CH), 7.45 and 7.96 (ABq, 4H, J = θ.40 Hz, aromat.). Anal, caled, for 
С Η
 5C102S (282.789): С, 59.46; Η, 5.35; found С, 59.40, 59.63; Η, 5.39, 
5.42. Z-isomer: m.p. 148-1650C (decomp.); ^ -NMR (CDC13) : S 1.77 (s, 6H, 
СНз) , 2.17-3.40 (m, 4H, CH 2), 4.44 (dd, IH, J = 10.2 Hz and J = 4.20 Hz, 
CH), 7.44 and 7.86 (ABq, 4H, J = 8.40 Hz, aromat.). Anal, caled, for 
С H C102S: С, 59.46; H, 5.35; found С, 59.55, 59.32; H, 5.33, 5.29. 
2-(2-ЩарЫ.ЬоуЪ)-Ъ, 6-агкуаго-4, S-dimethyl-2H-thiapyran-l-oxbde 3r: 
chromatographed using light petroleum-ethyl acetate (1:4); the S-isomer 
was obtained by fractional recrystallization; IR (KBr): 1655 (C=0) and 
1040 (S=0) cm" ; tf-isomer: m.p. 138-1480C; ^-NMR (CDC1 ) : δ 1.73 (s, 6H, 
О Ц ) , 2.70 (d, 2H, J = 6.90 Hz, СОССП^ , 3.50 (s, 2H, S0CH2) , 4.93 (t, IH, 
J = 6.90 Hz, CH), 7.50-8.07 (m, 6H, aromat.), 8.53 (s, IH, aromat.). 
Spectral features of the Z-isomer: H-NMR (CDCIO : δ 1.77 (s, 6H, CH,) , 
2.20-3.17 (m, 2H, COCCH2) , 3.37 (s, 2H, S C O O , 4.58 (dd, ІН, J = 10.2 Hz 
and J = 4.2 Hz, CH), 7.50-8.07 (m, 6H, aromat.), 8.40 (s, IH, aromat.). 
2-(2-Methylbenzoyl)-3,6-dihycbo-4,5-dímethyl-2H-th-íapyran-l-oxbde 3s : 
chromatographed using light petroleum-ethyl acetate (1:4); m.p. 108-123°C 
{E + Z); IR (KBr): 1680 (C=0) and 1050 (3=0) cm" ; spectral features of the 
^-isomer: 1H-NMR (CDC13): δ 1.67 (s, 6H, CH3C=CCH3), 2.45 (s, 3H, 2-CH 3), 
2.5-3.67 (m, 4H, CH 2), 4.65 (dd, IH, J = 7.2 Hz and J = 5.7 Hz, CH), 7.17-
7.43 (m, 3H, aromat.), 7.63-7.73 (m, ІН, aromat.). Spectral features of the 
Z-isomer: 1H-NMR (CDC13): δ 1.75 (s, 6H, CH3C=CCH3), 2.45 (s, 3H, 2-CH 3), 
2.5-3.67 (m, 2H, CH 2), 4.20 (dd, ІН, J = 11.4 Hz and J = 4.5 Hz), 7.17-7.43 
(m, 3H, aromat.), 7.63-7.73 (m, ІН, aromat.). Anal, caled, for C,
c
H,_0_S 
15 18 2 
(262.371): C, 68.67; H, 6.92; found С, 68.85, 68.58; H, 6.98, 6.97. 
l,3-Dioxo-5,5-dimethylayaZohexane-2-sp-ùro-2 '-3 ',6 '-d-ih.ydro-4 ',5 '-dimethyl-
2'H-thiapy7Hzn-l'-oxide 3t: chromatographed using light petroleum-ethyl 
acetate (3:2); m.p. 88-890C; IR (KBr): 1720, 1690 (C=0) and 1070 (S=0) cm"1; 
^-NMR (CDC13) : δ 0.85 (s, 3H, 5-CH3) , 1.17 (s, 3H, 5-CH3) , 1.70 (s, 6H, 
4' and 5 ,-CH 3), 2.34-3.52 (m, 8H, CH 2). Anal, caled, for С Η O S: С, 62.66; 
H, 7.51; found С, 62.63, 62.75; H, 7.47, 7.57. 
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Cyelohexanone-2-spíro-2 '-S',6 '-díhyctro-4 ',5 '-dimethyl-2 'H-thiapyran-1 '-
oxide 3u: chromatographed using ethyl acetate; oil; IR (neat): 1700 (C=0) 
and 1050 (S=0) cm" ; H-NMR (CDC1 ): á 1.70, 1.73 (s, 6H, CH3), 3.20 (s, 2H, 
SOCH.) , 1.87-2.47 (m, ЮН, remaining protons). MS m/e 226 (M , 6) , 178 
(38), 163 (100). Caled, for С „ H O S (M+l), m/e 227.1106; found m/e 227.1100. 
1, 7, 7-Tvimethyl-2-oxo-bicyolo[2.2.l\heptane-3-spiro-2 '-3 ',6 '-dihydro-u ',5'-
dvnethyl-2'H-thiapyran-1'-oxide 3y: chromatographed using light petroleum-
ethyl acetate (3:7); IR (KBr) : 1730 (C=0) and 1050 (S=0) cm" ; ^ -NMR 
(CDC13): δ 0.85, 0.97, 1.05 (s, 9H, CH 's of camphor), 2.50-3.60 (m, 4H, 
CH
;)C=CCH2) , 1.56-1.87 (m, IIH, remaining protons) . MS (chemical ionization): 
m/e 281 (M++l, 100), 233 (10), 217 (20), 165 (5). Caled, for C,^H„
c
O„S 
lo ¿ь ¿ 
(M+l), m/e 281.1575; found, m/e 281.1566. 
2-(2-Naphthoyl)-4,S-dimethyl-SH-thiapyran 6 
A solution of ^ r (0.12 g, 0.53 mmol) in xylene (10 ml) containing a few 
crystalls of p-toluenesulfonic acid monohydrate was heated under reflux 
for 30 min. Ihe solvent was concentrated and the residue was purified by 
flash column chromatography on silica gel (type 60H, Merck) using light 
petroleum-ethyl acetate (1:9) to give 90 mg (82%) of 6^  as a yellow oil which 
crystallized on standing. M.p. 100-102oC; IR (KBr): 1620 (C=0) cm" ; 
^-NMR (CDC13) : δ 1.77, 1.95 (s, 6H, CH3) , 3.26 (s, 2H, CH2) , 6.77 (s, IH, 
C=CH), 7.43-7.9 (m, 6H, aromat.), 8.17 (s, IH, aromat.). 
3-0xo-3-bhiabioyolo[2.2.2]oeta-5-ene-2-spiro-2 '-indan-l '-one !_ 
A solution of sulfine 2c (0.18 g, 1 mmol) and cyclohexadiene (1 ml) in 
dichloromethane (10 ml) was allowed to react for 12 h at room temperature. 
The solvent was removed in vaauo and the crude product was purified by 
flash column chromatography on silica gel using light petroleum-ethyl 
acetate (2:3) to give £ (0.18 g, 70%) as colourless crystals; m.p. 1550C 
(CHCl3-ether) ; IR (CC14) : 1700 (C=0) and 1060 (S=0) cm" ; H-NMR (CDC1,) : 
δ 1.7-2.5 (m, 4H, CH2CH2), 2.90 and 3.85 (ABq, 2H, J = 18.4 Hz, indane-CHj), 
3.16 (m, IH, CH), 4.17 (t, IH, J = 6.2 Hz, CH), 6.42 (t, IH, J = 7.3 Hz, 
C=CH), 6.81 (t, IH, J = 7.4 Hz, C=CH), 7.3-7.8 (m, 4H, aromat.); MS: m/e 
258 (M+), 210, 162 and 79. Anal, caled, for С H 0 S (258.339): С, 69.74; 
H, 5.46; found С, 69.01, 69.21; H, 5.49, 5.54. 
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З-Охо-5,6, ?,8-dibenzo-3-thiabvoyalo [2.2.2] oota-S, 7-diene-2-spiro-2 '-indan-
1 '-one 8 
A solution of sulfine 2e (0.08 g, 0.5 mmol) and anthracene (0.08 g, 0.5 
mmol) in dichloromethane (5 ml) was stirred at room temperature for 12 h. 
The solvent was removed in vacuo and the crude product was purified by 
flash column chromatography on silica gel using light petroleum-ethyl 
acetate (2:3) containing 0.3% ethanol to give 8 (0.11 g, 62%) as colourless 
crystals; m.p. 139-142° (CHCl3-ether); IR (KBr): 1710 (C=0) and 1050 (S=0) 
cm"
1
; H-NMR (CDCIO : δ 2.68 and 3.13 (ABq, 2H, J = 18.0 Hz, CH ) , 4.47 
(s, IH, CH), 5.53 (s, IH, CH), 7.1-7.5 (m, 12H, aromat.); MS: m/e 178, 
130, and 89. 
2,¿-Dxhydvo-benzo[b]thiopheno\2,3-b]-2-ethory-l,4-oxthiin-4-oxide £ 
A solution of sulfine 2c (0.5O g, 2.4 mmol) in dichloromethane (10 ml) 
and ethyl vinyl ether (10 ml) was allowed to react for 12 h at room 
temperature. The solvent was removed in vacuo and the residue was chromatograph-
ed on silica gel using light petroleum-ethyl acetate (3:7) to give first 
diastereomer 9a (0.1 g, 15%); m.p. 83-85° (light petroleum-toluene); IR 
(CC14) : 1590 (C=C) and 1045 (3=0) cm"1; ^ -NMR (CDClj) : & 1.37 (t, 3H, 
J = 7.2 Hz, CH,) , 3.02 (d of ABq, ІН, J = 14.4 Hz and .7 = 9.0 Hz, CH-SO) , 
3.32 (d of ABq, IH, J = 14.4 Hz and J = 1.8 Hz, CH.SO), 3.83 and 4.18 (q of 
ABq, 2H, J = 9.6 Hz and J = 7.2 Hz, OCH,), 5.77 (dd, IH, J = 9.0 Hz and 
J = 1.8 Hz, CH), 7.23-7.83 (m, 4H, aromat.). Anal, caled, for c12üi203S2 
(268.356): С, 53.71; H, 4.51; found С, 53.98, 53.73; H, 4.66, 4.46. 
Further eluation delivered the diastereomer 9b (0.42 g, 65%) ; m.p. 122-128° 
(light petroleum-toluene); IR (KBr): 1590 (C=C) and 1040 (S=0) cm" ; 
^-NMR (CDC1,) : S 1.20 (t, 3H, J = 6.9 Hz, CH3) , 3.15 (d of ABq, IH, J = 
14.4 Hz and J = 2.1 Hz, CH2S0), 3.62 (d of ABq, ІН, J = 14.4 Hz and J = 3.0 
Hz, CH-SO), 3.61-4.0 (m, 2H, OCH,), 5.77 (unsymmetrical t, IH, J = 3.0 Hz 
and J = 2.1 Hz, CH), 7.3-7.9 (m, 4H, aromat.). Anal, caled, for С Η О S 
(268.356): С, 53.71; H, 4.51, found С, 53.71, 53.77; H, 4.50, 4.48. 
2,3-!>bhydro-indeno[l,2-b\-2-ethomj-l,4-oxthiin-4-oxide Í0_ 
A solution of sulfine 2e (0.30 g, 1.7 mmol) in CH Cl. (5 ml) and ethyl 
vinyl ether (5 ml) was stirred at room temperature for 12 h. The solvent was 
concentrated in vacuo and the residue was chromatographed on silica gel 
(60 H). By-products were removed using ethyl acetate as eluent. Eluation with 
ethyl acetate containing 2% ethanol delivered 10a (0.25 g, 59%); m.p. 119-
73 
1210C (light petroleum-toluene); IR (KBr): 1610 (C=C) and 1030 (SO) cm" ; 
^-NMR (CDC13) : δ 1.23 (t, 3H, J = 7.2 Hz, CH,) , 3.03 and 3.43 (d of ABq, 
2H, J = 14.4 Hz and J = 3.0 Hz, CH SO) , 3.50 and 3.97 (ABq, 2H, J = 22.2 
Hz, indene-CH2), 3.58 (q, 2H, J = 7.2 Hz, 0CH2), 5.67 (t, ІН, J = 3.0 Hz, CH), 
7.23-7.5 (m, 4H, aromat.). Anal, caled, for С H^CXjS (250.316): C, 62.38; 
H, 5.64; found C, 62.37, 62.60; H, 5.57, 5.59; other diastereomer 10b 
chromatographed on silica gel with ethanol-ethyl acetate (1:9); m.p. 
94-96° (light petroleum-toluene) ,- IR (KBr) : 1610 (C=C) and 1040 (S=0) cm" ; 
^-NMR (CDC13) : δ 1.33 (t, 3H, J = 7.3 Hz, CH^) , 2.83 (d of ABq, IH, 
J = 13.5 Hz and J = 9.0 Hz, CH^SO), 3.15 (d of ABq, ІН, J = 13.5 Hz and 
J = 1.8 Hz, CH2SO), 3.43 and 3.83 (ABq, 2H, J = 21.0 Hz, indene-CH2), 
3.77-4.07 (m, 2H, 0CH2), 5.63 (dd, IH, J = 9.0 Hz and J = 1.8 Hz, CH) , 
7.2-7.4 (m, 4H, aromat.); MS: m/e 250 (M+, 13), 202 (37) and 72 (100). 
Anal, caled, for C.-jH-.O.S (250.316): С, 62.38; Η, 5.64; found С, 62.52, 
62.30; Η, 5.63, 5.64. 
2,3-Dihydro-indeno \l, 2-b] -2-ethoxy-l,4-oxthiin-4,4-aioxide J_2 
To a solution of 10a (0.19 g, 0.76 mmol) in chloroform (10 ml) mono-
perphthalic acid (1.5 mmol) in chloroform (3 ml) was added. After stirring 
for 0.5 h at room temperature the reaction mixture was washed once with 
aqueous sodium carbonate, dried (MgSO ), and concentrated in vacuo. The 
crude product was purified by flash column chromatography on silica gel 
using light petroleum-ethyl acetate (7:3) to give J^ (0.10 g, 50%) as 
colourless crystals; m.p. 127-129° (light petroleum-toluene); IR (KBr): 
1615 (C=C) , 1390 and 1295 (S02) cm"
1
; ^ -NMR (CDC13) : δ 1.32 (t, 3H, J = 
7.2 Hz, CH3) , 3.47 (d, 2H, J = 4.8 Hz, CH SOO , 3.70 (s, 2H, indene-CHj) , 
3.7-4.17 (m, 2H, OCH2), 5.73 (dd, ІН, J = 6.0 Hz and J = 4.8 Hz), 7.3-8.5 
(m, 4H, aromat.). Anal, caled, for С Η OS (266.315): С, 58.63; Η, 5.30; 
found С, 58.57, 58.60; Η, 5.33, 5.30. 
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S U M M A R Y 
This thesis deals with the synthesis and reactions of functionalized 
sulfines. In the first chapter a brief review of the chemistry of sulfines 
is given. 
In chapter II the reactions of aminosulfines (thioamide 5-oxides) with 
electrophilic reagents are discussed. Treatment of aminosulf ines 2^ with 
triethyloxonium tetrafluoroborate leads to O-alkylation to give the stable 
iminium salts 5^  (scheme 1) . 
yO /OC2H5
 R 3 : H /OC2H5 
R l j ^ W l B ^ R iJ BF/ >Ν,2€03/Η20 > R 1 J 
N
^R3 N^ pjj N-R2 
5
 R3 6 
scheme 1 
In most cases the salts 5^  were not isolated but further treated with aqueous 
sodium carbonate to give ethyl a-iminosulfenates 6^  Ethyl sulfenates (j gave 
a-iminosulfenamides £ upon treatment with primary or secondary amines 
(scheme 2). 
s
.0C 2H 5 S - N R * R 5 
/» • H-NR*R5 / 
^1_r » R1 г 
\-R2 -C2H5OH * N_ R2 
scheme 2 
A direct alkylation of aminosulfines with other electrophiles could not be 
accomplished. Therefore, it was decided to enhance the nucleophilicity of 
the substrates 2 by converting them into the corresponding anions. Amino­
sulf ines can be easily deprotonated with sodium hydride. Subsequent treat­
ment with an alkyl halide then leads exclusively to S-alkylation to give 
the a-iminosulfoxides 9 (scheme 3). 
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ƒ 
Э l ì Kif. LA 3 1) ΝαΗ / 
R 1 _ C 4 -, 1 * R 1 - C 4 \ 
4 N H R 2 2) R 6 - X N - R 2 
scheme 3 
Most sul foxides £ obta ined, e s p e c i a l l y t h e unhindered ones, are extremely 
s e n s i t i v e towards h y d r o l y s i s . When an unhindered or n o n - e l e c t r o n i c a l l y 
s t a b i l i z e d sul foxide 9^  was subjected to usual work-up procedures the 
corresponding amides were i s o l a t e d . The s t a b i l i t y of 9^  cem be enhanced by 
int roducing s t e r i c a l l y hindered s u b s t i t u e n t s (e.g. R* = mesityl) in order 
t o decrease t h e approachabi l i ty of the imine carbon atom for t h e nucleo-
p h i l i c a t t a c k of water . Another p o s s i b i l i t y t o s t a b i l i z e 9_ i s t h e i n t r o ­
duct ion of an e l e c t r o n donating s u b s t i t u e n t (e.g. R1 = PhS). S t e r i c a l l y 
unhindered o-iminosulfoxides (e.g. R* = CH3) can be entrapped by [2+2]-
cyc loaddi t ion r e a c t i o n s a t t h e C=N double bond t o give ß-lactams in low 
y i e l d (scheme 4 ) . 
/ S - R 1 R 2 R 3 C = C = 0 С Н З - 4 — U R 3 
СНэ—С. " -
^-СбН5 C 6 H 5 / N ~ 4 
9e,f Ца Н1=СНз; R
2
 = R3=CH3 
lib R1=CH3, R2 = H, R3 = OC6H5 
lie R1 = CH2C6H5, R2 = H. RS = OCßHs scheme 4 
When the iminium s a l t s 5^  derived from primary thioamide S-oxides were d e -
protonated with pyr id ine the new heterocycle 12^ was formed (scheme 5) . In 
the case of R = 4-ClCgH^ no J_2 was found but the 1 ,2 ,4- th iad iazo le J ^ . 
S ' 0 Et30*BF4e s—OEt pyridine /S—OEt 





An alternative method of preparing 1,4,2,5-dithiadiazines ¿2 from amino-
sulfines consists of an initial reaction with one equivalent of thionyl 
chloride and a subsequent treatment with pyridine (scheme 6). 
SOCI2 yS—Cl pyridine / S — C I 




Reaction of aminosulfine 2h with one equivalent of th ionyl ch lo r ide a t 
room temperature gave the imidoyl ch lor ide ^0 (scheme 7) . The cleavage of 
the S-N bond in 8d with hydrogen ch lor ide produced t h e same product (scheme 7) 
/Γ0 soci2 /S-ci /S-ci 
С б Н 5 _ С \ -SO, ' ^ S - R v СІ
 H n - C 6 H 5 - C 




— ; C6H5-C 
- V8 Se N-C6H5 
20 
/ 5 ~ N E t 2 -HCl (g) / S ~ C 1 /C 1 
C 6 H 5 -C _ÜSli2i . . C6H5-C ^ C6H5-C XN-C6H5 -HNEt2-HCI N-C6H5 -Vg Se N-C6H5 
Bd 19 20 
scheme 7 
The α-iminosulfenyl c h l o r i d e 19_ can be entrapped a t low temperature by e i t h e r 
r e a c t i o n with diethylamine t o give sulfenamide 8d or by a d d i t i o n a t t h e 
double bond of cyclohexene (scheme ) . 
S = 0 S0Cl2,-100o s—CI HNEt2,NEt3 ^ /S—NEt2 
СбН5-С
ч
 " " C6H5-C — C6H5-C 
4 N H
-
C 6 H 5 % - C 6 H 5 \ - C 6 H 5 
2h 19 8d 
Cle 
О 19 _ Ъ ^ _ ^ С 6 Н 5 ^ c ? _ " ^ C 6 H 5 ^ C / S C 6 H 5 ^ c ^ S - S ^ c ^ C 6 H 5 
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In chapter III the synthesis and reactions of α-οχο sulfines are presented. 
In 1981 Faull and Hull* reported the conversion of the thiophene la into 
the sul fine 2a. by treatment with thionyl chloride (scheme 9) . 
EtOOC. Λ EtOOC^ ^ 0 
( i i H . P h I l i l i . P h ' ^ ' ^ 
lUlR.COOEt mil.COOEt jg 2b(Z) 
3b(E) 
I'COOEt SOCI; 
EtOOC-KH ^ . χ ^ ^ . 3 — « И — C O O E t 
scheme 9 
The reaction was repeated and in order to ascertain the sulfine structure 
the product was subjected to a typical sulfine reaction, viz. the cyclo-
addition with an appropriate 1,3-diene to give the thiapyran 3a- The 
structure of ^a was unambiguously established by an X-Ray diffraction 
analysis. Faull and Hull also described the reaction of the thiophene lb 
with thionyl chloride. Instead of the sulfine 2b they isolated an alkene 
(scheme 9). The reaction was repeated in the presence of 2,3-dimethyl-1,3-
butadiene to give the cycloadduct ^Ь as a mixture of diastereomers. All 
α-οχο sulfines described can only be isolated if they crystallize from 
the reaction mixture. On attempts to isolate 2 in the other cases the 
sulfine function is readily hydrolyzed to give starting material (scheme 10) 
gì-0 • HjO 
V- 2 -S02 "Sf^R2 Ö 0 
scheme 10 
The first step in the formation of sulfines from active α-methylene ketones 
probably is sulfinylation at the α-carbon atom to give ß-oxosulfinyl 
chlorides 4 (scheme 11). 
*A.W. Faull and R. Hull, J. Chem. Soc. Perkin Trans. 1, 1981, 1078. 
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scheme 11 
These notoriously unstable compounds then undergo a spontaneous dehydro-
halogenation to 2^. For some well-enolized ketones (e.g. 3-oxo-2,3-dihydro-
benzo[b] thiophene) no base is needed in this sequence, however, if this is 
not the case the presence of a base is required to cause the reaction. The 
scope of the synthesis of α-οχο sulfines from active α-methylene ketones is 
very limited, however. For instance, acetophenone and 1-indanone fail to 
produce the corresponding sulfines upon treatment with thionyl chloride and 
base. The presence of the enol form of the methylene ketone seems to be 
of utmost importance for the reaction. Therefore, the enol structure was 
consolidated through the trimethylsilyl enol ether jj. A variety of cyclic 
and acyclic silyl enol ethers react smoothly with thionyl chloride to 
produce α-οχο sulfines 2 (scheme 12). 
Γ
Μ β 3 § / α 8 о ^ Я 
" Ч ' н - ^ -мезз.с, ' -
C
- çH -s -a -на " ' c y * ö 
i A i 
scheme 12 
In some cases, e.g. l-tnmethylsilyloxy-l-indene, the sulfine itself 
crystallizes out within a few minutes. In the other cases sulfines 2^  have 
to be entrapped by a cycloaddition reaction. The presence of a base then 
is an absolute requirement. 2,6-Lutidine was the base of choice. When, for 
instance, 2-trimethylsilyloxy-l-indene (jih) was treated with thionyl chloride 
and 2,6-lutidine in the presence of 2,3-dimethyl-l,3-butadiene, the cyclo-
adduct 3h was isolated in good yield (scheme 13). No 3h could be detected 
at all when triethylamine was used as the base. 
0 
CO ^ k- Co— J*- cá- — 





Some α-οχο sulfines turned out to be highly reactive in Diels-Alder reactions. 
Benzoyl-substituted thioaldehyde S-oxides (2n-s) even undergo fast cyclo­
addition reaction at -780C in good yields. An interesting aspect of sulfines 
2^  is also that they can serve as diene component in cycloaddition reactions 
with electron rich olefins like ethyl vinyl ether. The stable α-οχο sulfines 
2c and 2e react smoothly with ethyl vinyl ether to give the heterocycles j} 




о с 2 н 5 
i 0 C 2 H 5 
2с . Χ = S 9 
2е : Χ = СН2 IJ} 
scheme 14 
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S A M E N V A T T I N G 
In dit proefschrift worden de synthese en reacties van gefunctionaliseer-
de sulfinen beschreven. In het eerste hoofdstuk wordt een kort overzicht 
gegeven van de chemie van sulfinen (thion S-oxiden). 
In het tweede hoofdstuk worden de reacties van aminosulfinen (thioamide 
S-oxiden) met electrofiele reagentia besproken. De behandeling van amino­
sulf inen 2^  met triethyloxonium tetrafluoroboraat leidt tot O-alkylering onder 
vorming van stabiele iminium zouten 5 (schema 1). 
*0 /OC2H5
 R 3 = H /0C2H5 
N
<R3 R1 4 1 R 2 4-R2 
λ L ¿3 1 
schema 1 
In de meeste gevallen werden de zouten S^ niet geïsoleerd maar verder be-
handeld met natrium carbonaat-oplossing waarbij a-imino-sulfenaten 6^  werden 
gevormd. De sulfeenzuur esters 6 reageren met primaire en secondaire aminen 
tot a-imino-sulfenamiden 8 (schema 2). 
..^ОСгНс , , ς' 'NR
AR5 
, . H-NR*R3 f 
R^ — С * R^ — С 
VR2 - C 2 H 5 0 H V R 2 
І θ 
schema 2 
Directe alkylering van aminosulfinen met andere electrofielen kon niet tot 
stand worden gebracht. Daarom werd besloten de nucleofiliciteit van de sub­
straten te verhogen door omzetting in de overeenkomstige anionen. Amino­
sulfinen kunnen m.b.v. natriumhydride gemakkelijk gedeprotoneerd worden. 
0 0 
/' * ^R 6 
s i) NQH S-
R'-C • Ri-C. 
4NHR 2 2) R6-X N-R 2 
schema 3 
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Aansluitende behandeling met alkyl haliden leidt uitsluitend tot S-alkylering 
onder vorming van a-iminosulfoxiden 9_ (schema 3) . 
De meeste sulfoxiden £ zijn erg hydrolyse-gevoelig. Indien een niet-gehinderd 
sulfoxide £ onderworpen werd aan de gebruikelijke opwerkprocedures, werd 
het overeenkomstige amide geïsoleerd. De stabiliteit van 9_ kan worden ver-
hoogd door de invoering van sterisch gehinderde substituenten (b.v. R1 = 
mesityl) welke de nucleofiele aanval van water op het imine koolstof-atoom 
bemoeilijken. Een andere mogelijkheid om 9^  te stabiliseren is de introductie 
van een electronen-donerende substituent (b.v. R* = PhS). Sterisch niet-
gehinderde a-iminosulfoxides £ (b.v. R^ = CH3) kunnen d.m.v. [2+2]cyclo-
additie met de C=N dubbele binding afgevangen worden, waarbij P-lactamen in 
lage opbrengst worden gevormd (schema 4). 
/S-Rl «2^0=0=0
 С Н э 
-Ri 
СНэ-С 
Ie,f Ito. Rl=CH3. R 2 = R3=CH3 
Hb R1 = CH3, R2 = H, R3 = 0C 6H 5 
schema 4 Ш R1 ' ^ s ^ R2 =H; R3 = OC6H5 
Wanneer de iminium zouten 5^ afgeleid van primaire thioamide S-oxiden, met 
pyridine gedeprotoneerd worden, resulteert dit in de vorming van nieuwe 
heterocycli 12 (schema 5). In het geval van R 1 = 4-СІС.Н. wordt niet 12 
o 4 
gevonden maar in plaats daarvan het 1,2,4-thiadiazol ^3.. Een alternatieve 
methode voor de bereiding van de 1,4,2,5-thiadiazinen 12 uit aminosulfinen 
bestaat uit toevoegen van één equivalent thionyl chloride gevolgd door be-
handeling met pyridine (schema 6). 
pyridine ,S—OEt 
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S0CI2 /S—CI pyridine /S—Cl 
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De r e a c t i e van h e t aminosulfine 2h met één equivalent th ionyl ch lo r ide b i j 
kamertemperatuur geef t h e t imidoyl ch lor ide ^0 (schema 7 ) . De s p l i t s i n g van 
de S-N-bindmg in 8d l e v e r t he tze l fde product op (schema 7) . 
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 S0C.2 /S-C« / S - C l 
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-VgSg N-C 6 H5 
20 
/S —NEt2 
C 6 H 5 - C N N 
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-VgSg N - C 6 H 5 
20 
Het a-immosulfenyl c h l o r i d e 19^ kan b i j lage temperatuur afgevangen worden 
door ófwel een r e a c t i e met diethylamine onder vorming van h e t sulfenamide 
8d ófwel door a d d i t i e aan de dubbele binding van cyclohexeen (schema 8 ) . 
/ = 0 S0CI2, -100° s - C I HNEt2,NEt3 / S - N E ^ 
С б ^ —
с
ч " " C6H5—С — С6Н5—С; 
NH—СсНц Л , г и \ „ 
°
 ö
 Ν —С6Н5 N N _ C 6 H 5 
2h 19 8d 
О 
•ι© 
19 - m c ^ ¿
0
 CfP^c'Ss^ C 6 H 5 ^ C / S - S ^ C / C 6 H 5 
π V ^ " T J + il » 
с 6 н 5 / " ^ C 6 H 5 / N с ^ с 6 н 5 ^ 
21 22a, b 23 
schema θ 
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In het derde hoofdstuk worden de synthese en reacties van a-oxo-sulfinen 
behandeld. In 19Θ1 beschreven Faull en Huil* de omzetting van thiofeen la in 
het sulfine 2a m.b.v. thionyl chloride (schema 9). Om de structuur van het 
sulfine te bevestigen, werd het experiment herhaald en het verkregen product 
onderworpen aan een typische sulfine reactie, nl. de cycloadditie met een 
geschikt 1,3-dieen. De structuur van het zo verkregen thiapyran 3a werd onom­
stotelijk bewezen door een röntgenanalyse. 
EtOOCv yi EtOOC 
И Ы И . С О О Е ! l 2 b | I . C 0 0 E t 3 b ( Z ) 
».COO Et SOCI) 
EIOOC /? 0 A COOEt 
E t O O C — И И — ^ ^ ^ У—ИИ—COOEt 
schema 9 
Faull en Huil beschreven ook de reactie van het thiofeen lb met thionyl 
chloride waarbij zij in plaats van het sulfine 2b een alkeen isoleerden 
(schema 9). De herhaling van bovenstaande reactie in aanwezigheid van 
2,3-dimethyl-l,3-butadieen leverde het cycloadduct ^ Ь op als een mengsel van 
diastereomeren. Alle hier genoemde a-oxo-sulfinen kunnen alléén geïsoleerd 
worden indien zij uit het reactiemengsel uitkristalliseren. Pogingen de 
sulflnen zelf te isoleren hadden als resultaat de hydrolyse van de sulfinen 
tot de uitgangsstoffen (schema 10). 
sO° - H20 




*A.W. Faull en R. Huil, J. Chem. Soc. Perkin Trans. 1, 1981, 107Θ. 
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De eerste stap in de vorming van α-οχο-sulfinen u i t geactiveerde α-methyleen 
ketonen is waarschijnlijk sulfinylering op het o-koolstof-atoom waarbij 
ß-oxosulfinyl chlorides gevormd worden (schema 11). 
0 
0 OH M/CI o o 
Π I » s \ r , II о II 
-
С




 -^r~ ^ - И - с . -не, • 'CY*° 
1 i l 
schema 11 
Deze instabiele verbindingen ondergaan vervolgens spontaan dehydrohalogene-
ring tot de sulfinen 2. In het geval van goed geënoliseerde ketonen is geen 
base voor de reactie-sequentie nodig. Echter, voor andere ketonen is de 
aanwezigheid van base een vereiste. De toepasbaarheid van de synthese van 
α-οχο-sulfinen uit actieve α-methyleen ketonen is echter beperkt. Bijvoor­
beeld, acetofenon en 1-indanon geven na behandeling met thionyl chloride 
niet de overeenkomstige sulfinen. De aanwezigheid van de enol-vorm van het 
methyleen keton schijnt uiterst belangrijk te zijn voor de reactie. Daarom 
werd de enol-vorm vastgelegd door omzetting in de trimethylsilyl enol-ethers 
5^. Een scala van cyclische en acyclische silyl enol-ethers reageert gemakke­
lijk met thionyl chloride onder vorming van a-oxo-sulf m e n 2^  (schema 12) . 
OSiMei 0 _ 
1 J'a й o if 
~ Ч н - ^ -м-эаа • - C - Ç H - ^ C I " Т ^ " ^ c * s * o 
i A i 
schema 12 
Bijvoorbeeld, in het geval van 1-trimethylsilyloxy-l-indeen kristalliseert 
het sulfine binnen enkele minuten uit het reactiemengsel. In de meeste ge­
vallen dient het sulfine afgevangen te worden d.m.v. cycloadditie met een 
1,3-dieen. De aanwezigheid van een base is dan een absolute voorwaarde. Als 
base blijkt 2,6-lutidine de beste resultaten op te leveren. Wanneer bij­
voorbeeld 2-triraethylsilyloxy-l-indeen (Sh) behandeld wordt met thionyl 
chloride en 2,6-lutidine in aanwezigheid van 2,3-dimethyl-l,3-butadieen 
dan wordt het cycloadduct 3h in goede opbrengst geïsoleerd (schema 13). 
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Enkele α-οχο-sulfinen blijken een grote reactiviteit te bezitten in Diels-
Alder reacties. De benzoyl-gesubstitueerde thioaldehyde 5-oxiden ^n-s onder­
gaan zelfs een snelle cycloadditie bij -78"С in goede opbrengst. Een inte­
ressant aspect van α-οχο-sulfinen is, dat zij òòk kunnen dienen als dieen-
component in cycloaddities met electronenrijke olefinen zoals ethylvinyl-
ether. De stabiele α-οχο-sulfinen 2c en 2e reageren gemakkelijk met ethyl-
vinylether onder vorming van heterocycli 9 en 10 (schema 14). 
0& \ 
2c X = S 
2 e X = CH2 




Z U S A M M E N F A S S U N G 
In dieser Dissertation werden Synthese und Reaktionen funktionalisierter 
Sulfine beschrieben. Eine Übersicht über die Darstellung und das chemische 
Verhalten von Sulfinen wird im ersten Kapitel gegeben. 
Das zweite Kapitel handelt von Reaktionen von Aminosulfinen (Thioamid-
S-oxiden) mit elektrophilen Reagentien. Die Umsetzung von Aminosulfinen 2_ 
mit Tnethyloxonium-tetrafluoroborat liefert unter Alkylierung am Sauerstoff 
die stabilen Iminiumsalze 5 (Schema 1). In den meisten Fällen werden die 
s*
0
 s/ 0 C2 H5 R 3 = H /0C2H5 
R1 " „2 ^С2Н5)зО*ВР4
а
 I ВРд «Na 2C03/H 20 I 
1 L ¿3 L 
Schema 1 
Salze 5 nicht isoliert, sondern direkt mit wässrigem Natriumcarbonat in die 
a-Iminosulfensäureester 6^  überführt. Durch Reaktion der Sulfensäureester 
mit primären und sekundären Aminen werden die a-Iminosulfensäureamide 8_ 
erhalten (Schema 2). 
ПГ->Мс ^NR AR 5 
/» • H-NR AR 5 / 
p1_^ » pl Q 
4 4 N - R 2 - C2H5OH \_R2 
i 1 
Schema 2 
Mit anderen elektrophilen Reagentien konnten die Aminosulfine 2^  nicht 
alkyliert werden. Um die Nukleophilie dieser Stoffe zu erhöhen, wurden 
sie durch Deprotonierung mit Natriumhydrid in die entsprechenden Amonen 
umgesetzt. Anschliessende Reaktion mit Alkylhalogemden führt unter 
Alkylierung am Schwefel zu den a-Iminosulfoxiden 9 (Schema 3). 
b
 1) NaH Ь 
И " "απ / 
R'—С * R —С 
4 N H R 2 2) R 6-X 4 4N-R 2 
Schema 3 
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Die meisten α-Iminosulfoxide 9 erwiesen sich als besonders hydrolyse­
empfindlich. Versucht man, diese zu isolieren, so erfolgt Hydrolyse zu den 
entsprechenden Carbonsâureamiden. Die Stabilität von £ kann durch Einführung 
sterisch anspruchsvoller Reste (z.B. R = Mesityl) erhöht werden, um den 
nukleophilen Angriff von Wasser an dem Imin-Kohlenstoffatom zu erschweren. 
Eine andere Möglichkeit 9^  zu stabilisieren, ist die Einführung eines elek-
tronenreichen Substituenten (z.B. R = PhS). Sterisch nicht gehinderte 
a-Iminosulfoxide (z.B. R = CH,) können durch [2+2]-Cycloadditionen an der 
C=N-Doppelbindung abgefangen werden. Hierbei entstehen ß-Lactame in massigen 
Ausbeuten (Schema 4). 
/ S - R 1 R 2R 3C=C=0




N-CeHs с 6 н 5 / ~4> 
Ie,f Ца И1=СНз. R 2 = R3=CH3 
ЦЬ: R1=CH3. R2 = H; R3 : 0C6H5 
HC R1=CH2C6H5, R
2
 = H, R3 = OC6H5 
Werden die aus primären Thioamid-S-oxiden gebildeten Iminiumsalze J> mit 
Pyridin deprotoniert, so entsteht der neue Heterocyclus 12^ (Schema 5) . Im 
Fall von R = 4-ClCgH wird kein 12 gebildet, sondern das 1,2,4-Thiadiazol 
13. Alternativ können 1,4,2,5-Dithiadiazine 12_ durch Umsetzung von Amino-
sulfinen mit einem Äquivalent Thionylchlorid und anschliessender Reaktion 
mit Pyridin synthetisiert werden (Schema 6). 
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Aus dem Aminosulfin 2h und einem Äquivalent Thionylchlond wird bei 
Raumtemperatur das Imidoylchlond 20^ erhalten (Schema 6) . Die Spaltung 
der S-N-Bindung in 8d mit HCl ergibt das gleiche Produkt (Schema 7). 
Z / 5 ' SOCU / S — C I / S — C I 
С б Н 5 _ С \ -SO, " ^ 5 — Я \ Cf ..-, ' С6Н5-С 
\ N H_c 6 H 5 S 0 2 V _ H -HCl V c 6 H 5 
¿h C6H5/ 1Θ 19 
/C. 
— ^ ^ б Н 5 - С 
- Vg Sg N-C 6 H5 
20 
/ S - N E , 2 .HCI(g) / S ~ C 1 / C 1 
C 6 H 5 - C _ ^ ^ ^ C 6 H 5 - C ^ CgHs-C 
N-C 6 H5 -HNEt2 HCl N - C 6 H 5 -Vg Sg N-C 6 H5 
Bd 19 20 
Schema 7 
Das a-Iminosul fenylchlor id 19^ kann jedoch b e i t i e f e r Temperatur durch 
Reaktion mit Diethylamin abgefangen werden, wobei das Sulfenamid 8d e n t s t e h t . 
Das Sul fenylchlor id 19^ l ä s s t s ich ausserdem an d ie Doppelbindung von Cyclo-
hexen addieren (Schema 8 ) . 
/ = 0 SOCI2.-1000
 / S _ c i HNEt2,NEt3 _ yS-NE^ 
СбНБ-Ч " * C6H5-C. — C6H5-C 
X N H
-
C 6 H 5 \ _ C 6 H 5 \ - C 6 H 5 
2h 19 Bd 
19 О 
C 6 H 5 /
N w
 C 6H 5/
, N
 c i ^ v с 6 н 5 /- '^c 6 H 5 
C e H s ^ s C ^ c 6 H 5 ^ c / s ^ \ C 6 H 5 ^ C ^ S - S ^ C / C 6 H 5 
N Nv i О
 MJ JO 
21 22α, Ь 23 
Schema β 
Im dritten Kapitel werden Synthese und Reaktionen von a-Oxosulfinen 
beschrieben. Faull und Hull berichteten 1981* über die Umsetzung des Thiophens 
la in das Sulfin 2a durch Reaktion mit Thionylchlond (Schema 9) . 
*A.W. Faull und R. Hull, J. Chem. Soc. Perkin Trans. 1, 1981, 1078. 
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lUIR.COOEl (¿bll.COOEt ja 3b (Z) 
3b(E) 
d.COOEt S0CI2 
E.OOC/ L « , 
Е » О О С - И Н — ^ х ^ Ч 3 — ""-clltlEt 
Schema 9 
Um die Struktur des Sulfins zu bestätigen, wurde es einer typischen Sulfin-
reaktion unterworfen, d.h. der Cycloaddition mit einem geeigneten 1,3-Dien 
(Schema 9). Die Struktur des so erhaltenen Thiapyrans 3a wurde unzweifelhaft 
durch eine Rôntgenstrukturanalyse aufgeklärt. Faull und Hull beschrieben 
auch die Reaktion des Thiophens lb mit Thionylchlorid. In diesem Fall wurde 
nicht das Sulfin J±>, sondern ein Olefin isoliert (Schema 9) . Die Wieder-
holung dieser Reaktion in Anwesenheit von 2,3-Dimethyl-l,3-butadien liefert 
das Cycloaddukt 3b als ein Diastereomerengemisch. Alle hier erwähnten 
a-Oxosulfine können nur isoliert werden, sofern sie aus dem Reaktions-
gemisch auskristallisieren. Versucht man die Sulfine 2 zu isolieren, oder 
Chromatographiseh zu reinigen, erfolgt Hydrolyse des Sulfins zum Ausgangs-
material (Schema 10). 
s>0 • H20 
0 
Schema 10 
Der erste Reaktionschritt bei der Bildung von a-Oxosulfinen ist wahrscheinlich 
die Sulfinylierung am α-Kohlenstoffatom zu B-Oxosulfinylchloriden (Schema 11). 
0 
Й ?H J C » о я 
-
С
-сн 2-— ' % < - > -не, " -^çH-J-ci -не. - sty** 
i i ι 
Schema 11 
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Spontane Dehydrohalogenierung dieser notorisch unstabilen Verbindungen 
liefert dann die Sulfine 2^ Im Falle einiger gut enolisierbarer Ketone ist 
keine Base für die Reaktion erforderlich (s.o.). Andere Ketone ergeben die 
gewünschte Reaktion allerdings nur in Anwesenheit von Basen. Der Anwendungs-
bereich der Synthese von a-Oxosulfinen aus tx-Methylenketonen ist jedoch recht 
beschränkt. Die Umsetzung einfacher Ketone, wie 1-Indanon oder Acetophenon, 
mit Thionylchlorid und Basen liefert nicht die entsprechenden Sulfine. Da 
die Enolform der Ketone von grosser Relevanz für die Reaktion zu sein 
scheint, wurde beschlossen, diese durch Umsetzung in die Tnmethylsilyl-
enolether _5 zu fixieren. Eine Vielzahl von cyclischen und acyclischen 
Silylenolethern reagiert mit Thionylchlorid problemlos zu den entsprechenden 
a-Oxosulfinen (Schema 12). 














In einigen Fällen, z.B. bei l-Trimethylsilyloxy-l-inden, kristallisiert das 
Sulfin innerhalb einiger Minuten aus. Im Allgemeinen müssen die Sulfine 
jedoch durch Cycloadditionen abgefangen werden. Die Anwesenheit von Basen 
ist in diesen Fällen eine Notwendigkeit, wobei sich 2,6-Lutidin als Base 
der Wahl erwies. Behandelt man beispielsweise 2-Trimethylsilyloxy-l-inden 
(Jjh) mit Thionylchlorid und 2,6-Lutidin in Anwesenheit von 2,3-Dimethyl-l ,3-
butadien, lässt sich das Cycloaddukt 3h in guter Ausbeute isolieren (Schema 
13) . Bei der Verwendung von Triethylamm als Base wird überhaupt kein 3h 
gefunden. 










Einige a-Oxosulfine erwiesen sich als besonders reaktive Partner m Diels-
Alder-Reaktionen. So erfolgt die Cycloaddition der Benzoylsubstituierten 
Thioaldehyd-S-oxide 2n-s sogar bei -78"С in guten Ausbeuten. Ein interessanter 
Aspekt der Sulfine 2 ist weiterhin, dass sie auch als Dien-Komponente in 
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Cycloadditionen mit elektronenreichen Olefinen fungieren können. So liefert 
die Umsetzung der stabilen a-Oxosulfine 2p und 2e mit Ethylvinylether die 
Heterocyclen 9_ und JO (Schema 14) . 
2c X = S 9 
le X = CH2 10 
Schema 14 
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